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Abstract 
 
In 2012, the Environment Agency of Abu Dhabi has reported that 6.9% of the 
total Green House Gases was emitted by the waste sector emitting 92% by solid waste 
disposal in the landfills. In 2016, about 4.55 million tons of waste was generated by 
the construction and demolition industry, representing 47% of the total non-hazardous 
waste produced. This increased by 62.92% compared to the amount in 2015. The 
Environment Agency of Abu Dhabi has set its goal towards waste management starting 
by first using a reduction approach. Estidama has mandated a diversion of 30% of 
construction generated waste by reusing or recycling.  
This research aims to investigate the current practices of construction and 
demolishment of waste management in response to current regulations in the emirate 
of Abu Dhabi while focusing on two main objectives; first, to understand the dynamics 
associated with human factor in relation to current construction waste management 
practices in the emirate, and second to assess the impact of one voluntary waste 
mitigation approach in terms of waste generated quantity and quality that is commonly 
used in Abu Dhabi. This study was conducted in 2019 using mixed methods approach, 
following the exploratory sequential design. The study has started with an exploratory 
qualitative stage that was accomplished by conducting unstructured open interviews 
with nine of Abu Dhabi construction industry professionals analyzed using a simple 
thematic approach, followed by analytical quantitative stage using Minitab 19, a 
statistical software, to analyze data collected from thirty construction sites across the 
emirate.  
The research supports the understanding of current construction waste 
management practices in Abu Dhabi, as it has shed light on the process of considering 
waste management in construction sites of the emirate in 2019, the key players in such 
a process as well as their perspectives toward the current practices, the common 
enhancement methods of construction and demolition waste management plans in Abu 
Dhabi, and the fact that waste relative labors inductions and training sessions are 
reducing generated waste amounts by 10.2% and increasing the percentage of diverted 
waste from landfills by 51.4%.  
This study contributes to the growing literature of sustainability and 
construction management in UAE. This research has opened the door for several future 
vii 
 
 
 
 
studies on the local level as analyzing the inductions’ material for improvements and 
evaluating the other available construction and demolition waste management 
enhancement methods in the context. In addition, it suggests an approach that could 
be followed to assess any other practice associated with construction management in 
any context.  
 
Keywords: UAE, Abu Dhabi, Construction waste management, Human factor, 
Training sessions, Labors, Mixed method, Unstructured interviews, Statistical 
analysis. 
 
 iiiv
 
 
 
 
 )cibarA ni( tcartsbA dna eltiT
 
 بحث وتقييم  ؛أبو ظبيممارسات إدارة نفايات البناء في 
 صالملخ
ي من غازات الاحتباس الحرار  %9.6، أعلنت هيئة البيئة في أبوظبي أن 2102في عام 
مليون طن من النفايات جراء  55.4، أُنتج حوالي 6102انبعث بواسطة قطاع النفايات. في عام 
% 29.26مالي النفايات غير الخطرة بنسبة ارتفاع إج من %74ممارسات البناء والهدم والتي مثلت 
ملقية . وقد وضعت هيئة البيئة في أبوظبي أهدافها لإدارة النفايات، 5102مقارنة بالعام السابق 
 من إجمالي  %03الضوء على أهمية تخفيض إنتاجها في المقام الأول، كما أقرت استدامة بتحويل 
 لاستخدام والتدوير. ء والهدم من مناطق الردم إلى إعادة االنفايات المنتجة عبر ممارسات البنا
تهدف هذه الأطروحة إلى البحث في المماراسات الحالية في مجال إدارة نفايات الهدم 
والبناء في ضوء القوانين والتشريعات في إمارة أبوظبي بالتركيز على محوريين أساسيين: فهم 
بممارسات إدارة النفايات القائمة في الإمارة، وتقييم وإدراك العمليات التي تربط العامل البشري 
 . لنوعيةأثر واحدة من الطرق الشائعة في أبوظبي لتخفيف لتحسين القطاع من حيث الكمية وا 
منتهجا ً الطرق المختلطة، متبعا ً تصميم البحث التسلسلي  9102لقد أقيم هذا البحث في 
النوعي الذي تضمن إجراء مقابلات مفتوحة مع  الاستكشافي، وبدأت الدراسة بالطور الاستكشافي
وضوعي البسيط، متبوعا ً بالطور تسعة ممتهنين لقطاع البناء في أبوظبي، محللة بالمنهج الم
؛ لتحليل البيانات المجتباة من ثلاثين ”91 batiniM“لي الكمي، باستخدام البرنامج الإحصائي التحلي
 موقع بناء حول الإمارة. 
إدارة نفايات البناء في إمارة أبوظبي؛ حيث سلطت الفهم لممارسات  دعمت هذه الدراسة
، والأعضاء 9102على عملية اتخاذ إدارة النفايات بعين الاعتبار في مواقع بناء الإمارة في الضوء 
الفاعلين في مثل تلك العمليات ووجهات نظرهم في تلك الممارسات، والطرق الشائعة لتحسين 
اء والهدم في أبوظبي، وحقيقة تأثير تدريب عمال البناء ات في قطاعي البن خطط إدارة النفاي نجاح 
ورفع من نسبة النفايات المحولة % 2.01على إدارة النفايات؛ حيث تّم خفض إنتاج النفايات بنسبة 
 .%4.15من مواقع الردم بنسبة 
 xi
 
 
 
 
دارة البناء في لق بالاستدامة وإتساهم هذه الأطروحة بالإضافة البناءة للبحث االعلمي المتع
ولة الإمارات العربية المتحدة. كما أنها فتحت الأبواب لعدة دراسات مستقبلية على المستوى د 
المحلي كتحليل مادة التدريب للتطوير، وتقييم الطرق الشائعة الأخرى لتحسين إدارة نفايات البناء 
أخرى قييم أي ممارسات داراسة منهجا ً لتوالهدم في الوسط ذاته. بالإضافة إلى ذلك، تقترح ال
 .متعلقة بإدارة البناء في أوساط أخرى
 العامل البشري، إدارة نفايات البناء، الإمارات العربية المتحدة، أبوظبي،  : مفاهيم البحث الرئيسية
 . الطرق المختلطة، المقابلات المفتوحة، التحليل الإحصائي العمال،البرامج التدريبية، 
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Chapter 1: Introduction 
 
1.1 Overview 
Waste generation is continuously increasing around the world due to 
population rise where it has been increased tenfold in the past century  (Hoornweg, 
Bhada-Tata, & Kennedy, 2013) representing one of the challenges facing sustainability 
since it contributes to climate change by emitting Green House Gases (GHG) as 
Methane (CH4) and Carbon dioxide (CO2) gases through decomposition (EAD, 2017a) 
in addition to the GHG emitted during waste transportation from its generation location 
to its last destination. Moreover, waste contaminates the soil, limiting the use of 
surrounding land and threatening its animals (EAD, 2014). Construction and 
Demolition (C&D) waste management has been introduced since the C&D industry 
has a large portion in terms of waste generation (Bossink & Brouwers, 1996). 
1.2 Statement of the Problem 
Waste reduction is highlighted as the best strategy to manage waste among the 
3R’s concept of waste management; reduce, reuse and recycle. according to the 
Environment Agency of Abu Dhabi (EAD) goals and principles (EAD, 2014), the 
Urban Planning Council (UPC) has mandated a submission of Construction & 
Demolishing Waste Management Plan (CDWMP) for all buildings of 2,000 m2 Gross 
Floor Area (GFA) before any construction action, and 30% C&D generated waste 
diversion from landfills through Pearl Building Rating System (PBRS) starting from 
February 2011 (Estidama, 2011; UPC & Estidama, 2010). However, the C&D 
industry’s share of waste production in Abu Dhabi is remarkably large as it was 
responsible for 47% of the total non-hazardous waste generated in 2016 which 
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increased by 62.92% from 2015 (EAD, 2017a, 2017b; Statistics Centre of Abu Dhabi, 
Tadweer, & ADNOC, 2018). Therefore, this research is aiming to investigate the 
current waste management practices in Abu Dhabi in response to current regulations. 
1.3 Relevant Literature 
In order to address C&D waste and its management this section will discuss; 
(1) the basic definitions of the field including waste, waste management, C&D waste, 
and its management, (2) the significance of the field, (3) defined methods to deal with 
waste as in turning waste into non-waste and 3R’s concept highlighting successful 
CDWMP and opportunities to convert waste into energy, (4) waste management 
literature relative to Abu Dhabi emirate clarifying the responsible authorities, waste 
records, CDWMP of Abu Dhabi, available facilities,  relative regulations and 
addressed causes behind waste generation in the emirate, (5) the global and local 
human factor in construction waste management plans and (6) available awareness-
raising methods in the construction industry. 
1.3.1 Relevant Definitions 
Waste is known as the man-made thing that has no purpose, or does not 
perform well according to its purpose (Pongrácz, 2002) or “any discarded, rejected, 
abandoned, unwanted or surplus matter, whether or not intended for sale or for 
recycling, reprocessing, recovery or purification by a separate operation from that 
which produced the matter” (EPA, 2009) while the Centre for Environment and 
Development (CED) of Thiruvananthapuram, India; has defined waste as a useful 
material in the wrong place (CED, 2005). Therefore, waste is defined usually in two 
different ways, the first is relative to the matter’s worthless and the second is blaming 
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humans’ indifference classifying things as waste (Pongrácz & Pohjola, 2004).  
Construction waste is defined as unwanted material that has been produced 
directly or indirectly during construction activity such as insulation, nails, electrical 
wiring, and rebar as well as waste generated by site preparation activities such as 
dredging materials, tree stumps, and rubble (EAD, 2016). In other words, it’s the 
“difference between materials ordered and those placed for fixing on building 
projects” (Al-Hajj & Hamani, 2011). Meanwhile, the demolition waste is known as 
the waste produced by the destruction of a building including but not limited to 
insulation, electrical wiring, rebar, wood, concrete, and bricks highlighting that C&D 
waste may contain lead, asbestos, or other hazardous substances (EAD, 2016). 
Environment Protection Authority (EPA) of South Australia  have categorized C&D 
waste into inert and mixed based on the percentage of foreign material as green waste, 
plastics, electrical wiring, timber, paper, insulation, tins, packaging and other waste 
associated with construction or demolition of a building or other infrastructure 
calculated by volume per load where inert C&D waste is defined as the stream of 
produced waste by building’s construction or demolition that contains 0-5% of foreign 
material and does not contain “municipal solid waste, commercial and industrial waste 
(general), listed waste, hazardous waste or radioactive waste” where mixed waste 
differs by containing 5-25% foreign material.  
To address the waste issues, waste management has been introduced as the 
collection, transport, recovery, and after-care of disposal sites (Pongrácz, 2002) while 
in construction, waste management is “the process of dealing with waste by obtaining 
the best practice of planning transportation, sorting, handling, operations, segregation, 
recovery, and final disposal” (Rathmann, 1998) protecting the environment in addition 
4 
 
 
 
 
to reduce the overall project’s cost (John & Itodo, 2013) or “the control of waste-
related activities with the aim of protecting the environment and human health, and 
encouraging resource conservation” (Pongrácz & Pohjola, 2004). For performance 
assessment, waste generation rate was introduced as a comparable indicator across 
different economies representing waste management status in the construction industry 
(Lu & Yuan, 2011).  
1.3.2 Why to Consider Waste Management? 
Developing in a sustainable way is one of the most important aims of today’s 
societies around the globe where waste represents one of the hurdles that the world has 
to overcome. The landfills dumped waste consists of organic and non-organic 
materials while the first tends to generate harmful emissions of GHG overtime 
affecting the environment (EAD, 2017a) as it pollutes the air and contributes to climate 
change. Organic materials anaerobic decomposition releases CH4 gas that is 21 times 
stronger than CO2 as a greenhouse gas. Organic materials decomposition also causes 
severe odor and potential explosion hazards. In addition, waste contributes to GHG 
emissions during its transportation from generation to disposal sites. Moreover,  waste 
contaminates groundwater and soil, limiting the use of surrounding areas and affects 
their biodiversity through subjecting animals to risk (EAD, 2014). 
1.3.3 How to Deal with Waste? 
Several concepts were addressed in the literature to manage waste as turning 
waste into non-waste and 3R’s concept. This section will explain both concepts, review 
successful waste management schemes in construction and will discuss the waste 
quantification method. 
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1.3.3.1 Turning Waste into Non-Waste 
In order to turn waste into non-waste; the reasons for classifying this product 
as a waste have to be defined. Pongrácz and Pohjola, (2004) defined 4 classifications 
for waste. (1) When the waste is generated being unwanted but not avoided output of 
a certain process, then the waste management practice has to target the process itself 
minimizing the amount of produced waste. (2) When the waste is generated because it 
has already fulfilled its single targeted use as in packaging and plastic bottles, the 
design phase has to be reconsidered to decrease the weight, volume or the shape to 
minimize the disposed material or the aim should be considering the recycling of that 
material inserting it again to the process reflecting better economic and environmental 
plans. (3) When the product does not meet performance standards anymore, the focus 
then has to be towards maximum life-time design, easy disassembled design to benefit 
from the parts that could be utilized, or it could be handed to a recycling facility. (4) 
When the user fails to use the product for its targeted purpose, then the aim in this case 
is to control the consumers’ attitude that could be developed by rules and regulations 
or by raising their awareness, knowledge, and responsibility towards the environment. 
1.3.3.2 3R’s Concept 
3R’s concept has been addressed in research to deal with waste highlighting 
three main actions; reduce, reuse and recycle which will be discussed in this section. 
On-site waste sorting and segregation will be discussed as well according to its 
tremendous impact on reusing and recycling concepts according to literature (Poon, 
Yu, & Ng, 2001; Wang, Yuan, Kang, & Lu, 2010). Table 1 summarizes the challenges 
and opportunities associated with each of the concepts described in detail in the 
following subsections. 
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Table 1: Challenges and Opportunities Associated with 3R Strategies and On-Site 
Waste Sorting and Segregation for construction projects 
Concept Challenges Opportunities 
Reduce  
 
• Unskilled labor 
• Time restraint 
• Poor communication 
• Poor coordination between 
trades 
• Inclement weather 
• Lack of awareness, incentives, 
and support from senior 
management and training 
• Decreasing the project’s expenditure 
• Protecting the firms from penalties 
• Conserves the environmental 
resources 
On-site sort and 
segregate waste 
• Awareness of the profound 
environmental benefits 
• Regulations support 
• Manpower 
• Project stakeholders’ attitudes 
• Waste sortability  
• Cost 
• Site space 
• Increasing reuse and recycling waste 
rates significantly  
• Requires less efforts 
• Consumes less time 
Reuse  • Workmen attitude 
• Workmen efficiency 
• Material contamination 
• Low cost of virgin materials 
• Transportation cost 
• Denial of contractors who do 
not believe in the strength of 
reused materials  
• Reducing cost  
• Saving raw materials 
Recycle • Consideration from early 
design stages 
• Material contamination 
• Absence of materials 
separation equipment 
• Transportation expenses 
• Saving the new resources and raw 
materials, 
• Eliminating the extra transportation 
and manufacturing energy costs,  
• Exploiting the produced waste instead 
of burring it 
• Maintaining larger areas for urban 
development  
• Protect the environment 
 
1.3.3.2.1 Waste Reduction 
1-10% out of the total purchased materials, transferred by construction sites to 
waste (Bossink & Brouwers, 1996). Reduction of waste has been discussed extensively 
by research as the most effective and efficient method since it can be considered from 
the early stage of design eliminating waste transportation, disposal and recycling cost. 
Waste reduction has several benefits as it decreases the project’s expenditure indirectly 
7 
 
 
 
 
by saving materials and products and directly by avoiding waste contractor hiring other 
than saving the dumping taxes. It also protects the firms from penalties that could be 
applied due to non-compliance to regulations. Moreover, it conserves the 
environmental resources, whittles down air and water pollution and maximizes  land-
use (Yahya, 2015). 
“Design out waste” concept was addressed to enhance the waste reduction plan 
from the design stage (Ekanayake & Ofori, 2004; Keys, Baldwin, & Austin, 2000; 
Rounce, 1998). Ajayi and Oyedele (2018a) has discussed the measures of waste 
mitigation through design stage in the UK to be dimensional coordination and 
standardization, integrated design process, design for Modern Methods of 
Construction (MMC), and proper waste design documentation. Dainty and Brooke  
(2004) have similarly identified the increased use of off-site fabrication and design 
standardization as two of the most effective measures associated with waste 
management practices while pre-fabrication adoption feasibility of a case study in 
Hong Kong results confirmed 100% waste generation reduction as well as 84.7% 
waste expenses savings (Tam, Tam, Zeng, & Ng, 2007).  
Ajayi and Oyedele (2018b) shed lights on procurement and handling process 
characteristics that support waste generation minimization as; (1) suppliers’ 
commitment to lower waste measures such as a take-back scheme and flexibility to 
supply a smaller quantity of material, (2) low waste purchase management measures 
as in packaging minimization and considering pre-assembled/pre-cut materials, (3) 
effective material delivery management as in effective delivery and storage system, 
and  efficient materials protection during the delivery process and (4) waste-efficient 
Bill of Quantity (BOQ) considering accurate materials take-off and materials ordering 
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based on accurately prepared design documents and BOQ contradicting with (Al-Hajj 
& Hamani, 2011) who addressed delivery schedules, suppliers advice and supply chain 
management as procurement supportive practices. 
According to Ajayi et al. (2017), site management during construction may 
significantly reduce the waste generation such as adherence to project drawings and 
avoidance of design variations highlighting that the opposite could increase the direct 
cost by 5% or even more (Hwang et al., 2009) taking into consideration that contractors 
most likely has poor design knowledge leading to insufficient design understanding 
that results in errors and rework producing waste (Ajayi et al., 2017). Al-Hajj and 
Hamani’s (2011) the study considered rework, variation, and negligence as waste 
generation reasons in addition to unskilled labor, time restraint, poor communication, 
poor coordination between trades, inclement weather, and lack of awareness, 
incentives, training, and support from senior management. Design changes may refer 
to clients’ last-minute requirement, design complexity, lack of communication 
between project’s stakeholders, incomplete design information, non-expected ground 
conditions and long duration projects (Poon, Yu, & Jaillon, 2004). 
1.3.3.2.2 On-Site Waste Sorting & Segregation 
When waste is generated, sorting and segregation is a crucial stage prior to 
reuse and recycle. In this regards, Wang et al. (2010) stated that applied sorting 
measures have increased reuse and recycling waste rates from 14% to 24% by volume 
and 8% to 19% by weight which is considered significant. Poon et al. (2001) indicated 
that waste sorting at the waste source location requires fewer efforts and consumes less 
time compared to sorting waste at a central designated area or off-site. In addition, 
segregation at waste designated area subjects workers to danger as they enter waste 
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containers exposing themselves to heavy, sharp and unstable matters increasing the 
injuries rate as in muscle sprains, lacerations, and abrasions (Dewlaney, Hallowell, & 
Fortunato, 2012). 
With that being said, 49% of the surveyed contractors in Hong Kong were 
found to be reluctant towards practicing on-site sorting even if relatively high fees are 
mandated stating that labor and costs are two of the critical success factors for on-site 
sorting and segregation practices (Poon et al., 2001). After 12 years, Yuan, Lu, and 
Jianli Hao (2013) ran a study in the same country revealing that cost and labor were 
no longer a major concern when it came to construction waste sorting. The site space, 
project stakeholders’ attitude, market for recyclables and awareness of the profound 
environmental benefits were found to be the key factors in addition to the regulations 
that have enhanced the sorting practices. In China, a study conducted by Wang et al. 
(2010) revealed that the first three critical success factors of waste on-site sorting were 
common between the two contexts in addition to manpower as the first effective factor, 
waste sortability and sorting equipment.  
According to the mentioned studies, on-site sorting’s critical success factors 
seem to vary with time and context. In general; the targeted categories of waste in 
construction are; wood, paper and cardboard, plastic, glass, metals, gypsum, electrical 
and electronic equipment waste, hazardous waste as in asbestos, impregnated wood, 
brick, concrete, polluted bricks and concrete, and asphalt for roads and urban projects 
(CIB, 2014; Statistics Norway, 2016) in addition to rubber (Belpoliti, Abbas, Ali, & 
Khulaifi, 2018).  
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1.3.3.2.3 Waste Reuse 
Reuse is known as using the same material more than once including its use 
for the same function as timber framework in construction or the use of waste material 
as a raw material supporting new function as the use of shelves cut-corner steel bar, 
concrete, and bricks fraction as road base materials (Yuan & Shen, 2011). Use of 
second-hand material estimating the embodied energy savings can reduce the cost of 
a typical standard house in Australia by 40% expecting that the embodied energy 
savings would be higher in the cheaper labor countries (Graham, Hani, Peter, & Binh, 
2003). 
In terms of materials, concrete and bricks have technically a high potential to 
be reused (70-90%). Concrete could be crushed to a specific size and reused instead of 
virgin gravel in roads, called “recycled aggregates”. International Council for Research 
and Innovation in Building and Construction (CIB) (2014) has addressed the major 
barriers to reuse concrete to be the low cost of virgin gravel compared to the required 
expenses in the on-site processing as sorting and the transportation costs of recycled 
aggregates (Duran, Lenihan, & O’Regan, 2006), and the denial of contractors who 
don’t trust the strength of recycled aggregates compared to virgin gravel.  The 
Norwegian Road Authority has stated that if all of the waste concrete is reused for road 
constructions, it would be replacing around 0.5% of the virgin aggregate 
conventionally used while bricks reusing has less opportunity compared to concrete  
(CIB, 2014). Frost bricks waste can be reused as an outer layer of brick wall where the 
lesser burned ordinary bricks can be used for the inner layer. Bricks reusing application 
requires careful skilled separation during the bricks waste generation or it has to be 
sorted by hand later on, otherwise, it will be treated as ordinary bricks  (CIB, 2014). 
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Wooden waste in construction is generated by frameworks, guideposts and 
noise deflection walls. Wooden waste reusing is subjects to some measures as its 
strength, its contamination by glue, paint, varnish, impregnation, and metals (CIB, 
2014), workmen attitude, workmen efficiency and formwork stripping process. The 
formwork fabrication materials used, design of the completed structure, and site 
management issues are considered as low impact factors in terms of wooden waste 
reusing (Ling & Leo, 2000). 
1.3.3.2.4 Waste Recycle 
In general, the life-cycle of raw materials consists of four main stages; raw 
material extraction, production, consumption and disposal that creates extensively 
large amounts of waste while the process could be turned to a continuous cycle instead 
of linear by recycling. Recycling is known as the “process of utilizing used-or 
salvaged-material into its original state or within a new material, where it can be useful 
again, conserving natural resources by reducing the demand for raw materials resulting 
in reducing the emission of harmful air pollutants” (Belpoliti et al., 2018). Yuan and 
Shen (2011) have mentioned the eight major benefits of turning the process into a 
continuous cycle summarized into saving the new resources and raw materials, 
eliminating the extra transportation and manufacturing energy costs, exploiting the 
produced waste instead of burring it, maintaining larger areas for urban development 
and protect the environment. Recycling has to be considered from the design stage 
considering disassembling concepts in addition to the selection and procurement stage 
where the forms of recycling must be checked (Thormark, 2006). 
As for materials, metals usually have high recycling potential since their 
surfaces are usually protected. Such materials recycling may reach up to 90% as in 
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Norway (CIB, 2014). Tam (2011) has stated that metals have the highest reusing and 
recycling ratios in Hong Kong while concrete has some barriers facing its recycling as 
the absence of reinforced concrete cutting down equipment, and paint pollution that 
could be treated but it’s only considered economically efficient when the paint is 
classified as toxic waste. 
Wooden waste could be recycled to support paper and chipboard production. 
Wooden waste has technically low potential of recycling facing challenges of 
contamination by screw, nails, etc., unequal moisture content, and the fact that 
impregnated wood contaminates the product. It’s worth mentioning that wooden waste 
recycling has reached 68% in Japan representing board manufacturing raw material. 
Contamination issues in the recycling of gypsum could be affected by other 
components including wallpaper, glue, paint, screws, and nails. While technically 
100% of gypsum can be recycled except for the oil-contaminated boards. In addition, 
transportation expenses represent a potential issue in the recycling process while green 
trips are considered as the recycling increase success factor  (CIB, 2014). 
As a mitigation strategy of the financial barrier, Denmark has mandated landfill 
taxes that has significantly reduced the construction waste, in addition, to the increase 
in recycling ratio (Yahya, 2015). Practically, seeking suppliers and recycling 
companies’ pacts represent one of the most encouraging factors associated with waste 
management (Dainty & Brooke, 2004). From a comprehensive view in Ireland, Duran 
et al. (2006) highlights the market restrictions to be the solution of policymakers in 
order to improve waste management practices by increasing the tax on landfilling to 
exceed the cost of cooperation with recycling center and the cost of primary aggregates 
to exceed the recycled aggregates in line with Tam & Tam’s (2006) statement “From 
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a purely economic point of view, recycling of C&D waste is only attractive when the 
recycled product is competitive with natural resources in relation to cost and quantity” 
while there’s a debate about the suggested tax to be extended to other polluters since 
the contractors are not the only ones in the construction industry (Lu & Yuan, 2011). 
1.3.3.3 Successful Waste Management Schemes 
Several schemes were found to be effective in terms of waste management as 
Zero Waste Scotland (2015) has reported 96% of waste diversion from landfills. This 
was done by applying a nine-step waste management plan on a case study and 
considering client engagement, design team engagement by running design out waste 
workshops, subcontractors waste estimation, setting the recovery type of waste 
streams, waste contractor procurement, project team training, generated waste 
reporting, waste audits and monitoring, and comprehensive review on the success of 
the waste management plan and breakdown. Another successful example of a waste 
management plan that was followed in two case studies in Australia reducing the waste 
sent to landfills by 43% saving and 50% of the waste handling fees. This was done by  
establishing the cost difference between recycling and landfills dumping activities, 
engaging the workforce by induction planned program and keeping them updated 
regularly about the progress of the plan, monitoring the waste and discussing the 
progress in the regular site meetings, recycled material usage and cursory on-site waste 
sorting (Mcdonald & Smithers, 1998). Similar principles were followed in Chicago’s 
O’Hare international airport construction where sustainable design and sustainable 
airport manuals were produced establishing sustainable design and construction 
guidelines including waste management plan submission requirement, waste 
estimation during the design phase and monthly waste auditing forms (Yahya, 2015).  
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1.3.3.4 Waste to Energy Opportunity 
However, waste impact reduction opportunities are available where waste 
could be converted to significant energy forms such as electricity and heat. It also may 
be turned into materials that generate energy like coal, diesel and natural gas since 
some sort of organic waste as non-recyclable plastic, rubber and textiles, and non-
recyclable/ non-reusable wood contain considerable calorific value. Although both 
options of landfilling and energy production emit significant quantities of GHG but 
dumped waste contributes to CH4 emissions which affects global warming 25 times 
higher than the same amount of CO2 that is emitted by converting the waste into an 
energy source. Therefore, dumping waste is a clear form of material and opportunity 
loss  (EAD, 2014). 
1.3.3.5 Waste Quantification 
In fact, measuring waste is substantial for its management where measurements 
may represent criteria for projects’/companies’ comparisons where the good-
performing example can be analyzed to benefit others. This will help in minimizing 
waste and avoiding generation causes and resources. (Al-Hajj & Hamani, 2011) 
Highlighting that the comparison should consider important factors such as economy 
scale, population, territory, and behavior in waste management (Lu & Yuan, 2011). 
Embodied energy can represent a measure of waste since it reflects how much energy 
was needed for a certain product to be used. For example, the products which contain 
recycled materials have less embodied energy than the ones using raw materials. Waste 
streams can be measured in terms of volume or weight, while each sort that produced 
waste can be quantified as a percentage of construction waste, percentage of bought 
material, or the percentage of the total waste cost (Al-Hajj & Hamani, 2011). 
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Practically, Tam & Tam (2008) measured the waste quantity by the trip ticket collected 
comparing it to the contractor’s quantity surveyor estimation while the material usage 
was recorded by the store keeper comparing it with the same reference. An advanced 
method following the same concept was conducted by Chen, Li, & Wong’s (2002) 
study using the bar-code system. They have been measuring all of the used materials 
and products by each group involved in the construction comparing them to the 
estimated one by the contractor’s quantity surveyor using the equation below, where 
Q represents the amount of material/product. 
∆𝑄 =  𝑄𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 − (𝑄𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 − 𝑄𝑟𝑒𝑡𝑢𝑟𝑛𝑒𝑑) 
1.3.4 Waste Management in Abu Dhabi 
1.3.4.1 Waste Management Authorities 
The waste issue is being considered under the provision of the EAD that was 
established in 1996 seeking groundwater and biodiversity protection, air quality, and 
enhancement in Abu Dhabi Emirate’s desert and marine ecosystems. They are also 
looking forward to raising environmental awareness, facilitating sustainable 
development and ensuring environmental sustainability to remain as one of the top 
priorities of the UAE agenda (EAD, 2017b). Figure 1 represents the timeline of waste 
consideration in Abu Dhabi. EAD has assigned waste management responsibilities to 
be split among three main institutions; Tadweer for municipal, solid, commercial, 
medical, agricultural, industrial, construction and demolition waste, Abu Dhabi 
National Oil Company (ADNOC) for oil and gas waste and Federal Authority for 
Nuclear Regulation (FANR) for radioactive waste (EAD, 2017a). Centre of Waste 
Management Abu Dhabi (CWM) and Department of Municipal Affairs (DMA) 
represent other supportive authorities for waste reduction in Abu Dhabi (Yahya, 2015). 
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Figure 1: Timeline of Waste Consideration in Abu Dhabi 
 
1.3.4.2 Information and Records 
EAD has reported that 6.9% of the total GHG was emitted by the waste sector 
emitting 92% of solid waste disposal in  landfills in 2012 (EAD, 2012). In 2016, 67.8% 
of the waste produced was sent to landfills/dumpsites when C&D industry was 
responsible for about 4.55 million tonnes (47%) of non-hazardous waste generation. 
(EAD, 2017b) This meant an increase by 62.92% compared to 2015 where 2.86 million 
tonnes of waste was generated by the same industry representing 34% of the total non-
hazardous waste produced while  66% of the total was sent to landfill, dumpsites or 
others (EAD, 2017a). Typically, the construction industry in UAE generates waste 
consisting of mixed solid & food waste, metal/ scrap steel, paper/ cardboard, pallets, 
masonry, roofing (Asphalt), plastics, wood, roads asphalt, ceiling tiles cuttings, 
concrete and glass, and gypsum/ drywall (EAD, 2017c). The population of Abu Dhabi 
was expected to be doubled by 2040 compared to 2015 which will lead to housing 
demand increase and waste production to be doubled referring to Geranpayeh (2015). 
1996
•EAD establishment
2005
•EAD empowerment with a supervisory and regulatory role
2008
•Tadweer (the center of waste management - Abu Dhabi) establishment
2011
•Launching Estidama forcing any new construction project to divert minimum of 30% of
waste from landfills
2014
•Abu Dhabi sat a target to be amongst the leading countries of waste managment by 2030
diverting 85% of waste from landfills
2018
•Tadweer signed a contract to establish important waste recycling facilities in Abu Dhabi
that would also generate significant employment opportunities in this segment in the
coming years
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According to Al-Hajj and Hamani (2011), the main direct causes of construction 
materials waste in UAE are lack of awareness, excessive off-cuts resulting from poor 
design, and rework and variations respectively while indirect causes may refer to lack 
of government legislation and policies, lack of contractual incentives, lack of local 
recycling facilities and lack of company’s supportive managers. On the other hand, 
based on EAD’s (2014) estimation, treating waste as a source of energy would 
contribute to the world’s non-renewable fossil fuel reservation to cover up about 7% 
of the energy demand in Abu Dhabi.  
1.3.4.3 Waste management plan of Abu Dhabi 
1.3.4.3.1 Goals and Principles 
In 2014, Abu Dhabi Environment Policy Agenda (ADEPA) and Waste 
Management Strategy of Abu Dhabi set a target to divert 85% of waste from landfills 
through more sustainable treatments and disposal alternatives (EAD, 2014). Abu 
Dhabi waste management policy has addressed six main guiding principles in line with 
the nine elements of waste management as stated in Figure 2 starting by; (1) avoiding 
waste generation and reduce it as much as possible, (2) maximizing waste reuse, (3) 
proceeding with recycling for certain precious materials, (4) recovering high value 
materials that cannot be recycled to be a source of energy as mentioned in “1.3.2 Why 
to Consider Waste Management?” Section, (5) improving treatment of waste that 
cannot be utilized and (6) providing controlled sanitary engineered landfills (EAD, 
2014). 
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1.3.4.3.2 Suggested Guidelines 
EAD (2017c) has suggested seven main steps representing the guidelines of 
creating a successful CDWMP; (1) define project information including location, 
scope, site layout and planned activities, (2) identify the estimated waste to be 
generated and the method of dealing with it, (3) set the performance goals and make a 
cost/revenue analysis, (4) identify the role of each team in the CDWMP, (5) specify 
the needed items to be available on-site to ensure the success of the CDWMP, (6) 
measure the waste generated on-site by the mechanism that should be identified earlier, 
and (7) report the waste generation and end destinations records by filling certain 
forms and checklists. EAD has suggested implementation actions to ensure the success 
Figure 2: Waste Hierarchy (EAD, 2014) 
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of CDMWP including engaging the employees by informing them about the top 
management goals and objectives beside to their support, considering the on-site waste 
segregation, auditing and monitoring waste keeping records and the details of amounts 
and final destinations of waste generated, specify the waste licensed transporter, 
promote training and awareness for workers on-site, and continuously review and 
update the CDWMP. 
1.3.4.4 Available Facilities 
In 2014, Abu Dhabi had only one small sanitary landfill, 10 legal dumpsites, 4 
recycling facilities, 2 incineration plants, and 4 composting facilities, compared to 
around 23,000 illegal dumpsites leading to only 1.51% solid waste sanitary landfill 
disposal (EAD, 2016). In 2016, Abu Dhabi Emirate had only two C&D waste recycling 
facilities of 11,000-ton daily capacity, tire and plastic recycling plant of 130-ton daily 
capacity (Paleologos, Caratelli, & Amrousi, 2016). In 2018, a new C&D waste 
recycling facility was launched with a capacity of around 1,500 tons/day (Ismail & 
Salman, 2018). 
1.3.4.5 Rules and Regulations 
In 2009, UPC has released Estidama Pearl Rating System mandating all the 
new private buildings larger than 2000 m2 GFA after February 2011 to achieve a rating 
of 1 pearl while all of the new governmental buildings has to achieve a minimum of 2 
pearls of PBRS (Estidama, 2011). The PBRS consists of seven sections: integrated 
development process, natural systems, livable buildings, precious water, resourceful 
energy, stewarding materials and innovating practice. PBRS is a mandatory score 
rating system where each section has mandatory and optional elements except for 
innovating practice which consists of optional elements only. In order to achieve 1 
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pearl, all of the required elements across all of the sections have to be applied while 
fulfilling the rating of 2 pearls require the application of all the required elements in 
addition to 60 points out of the optional elements. Refer to Table 2 for each pearl level 
requirements  (UPC & Estidama, 2010). Waste management is addressed under 
PBRS’s stewarding materials section which has three required elements; hazardous 
materials elimination, basic construction waste management and basic operational 
waste management, and twelve other optional elements including non-polluting 
materials, design for materials reduction, design for flexibility & adaptability, design 
for disassembly, modular flooring systems, design for durability, building reuse, 
material reuse, regional materials, recycled materials, rapidly renewable materials, 
reused or certified timber, improved construction waste management, improved 
operational waste management, and organic waste management. 
Table 2: PBRS Levels (UPC & Estidama, 2010) 
Requirement Pearl Rating Achieved 
All mandatory elements 1 pearl  
All mandatory elements + 60 points 2 pearl  
All mandatory elements + 85 points 3 pearl  
All mandatory elements + 115 points 4 pearl  
All mandatory elements + 140 points 5 pearl  
 
The mandated element of basic construction waste management requires a 
CDWMP to be submitted before any construction/ demolition activity specifying the 
materials that are planned to be diverted from landfills, the segregation location 
(onsite/offsite) and the use of the planned salvage materials targeting 30% of 
construction generated waste to be recycled/ salvaged excluding the hazardous waste 
(UPC & Estidama, 2010) in addition to a signed contract with a waste management 
services firm/ waste hauler where the firm is required to submit following up report 
monthly as well as trips’ sheets copies stamped from the waste final destination to be 
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submitted to Tadweer. Moreover, Estidama requires color coded waste skips and three 
different languages signage considering the workers different cultures. It also requires 
a Pearl Qualified Professional (PQP) certified from Estidama to facilitate a workshop 
to the contractor and the safety site engineers defining Estidama requirements in terms 
of waste control, material submittals and procurement. The assigned PQP has to visit 
the site weekly for waste monitoring and following up as they are responsible about 
waste monthly calculation updates according to the manifests created by center of 
waste management in Abu Dhabi. This is filed by the contractor clarifying the quantity 
of waste shifted from the site (by weight or volume), its final destination (to be 
recycled or dumped) and the hauler company information. Although Estidama has set 
strict requirements to control waste in construction sites, lack of awareness including 
poor communication and on-site bad habits represent challenges to Estidama 
requirements implementation. (Yahya, 2015). 
In September 2016, Al Sa’fat, has been established in Dubai, UAE forming 
another green building evaluation system. Al Sa’fat third level of certification (Silver 
Sa’fa) requires a diversion of 50% of C&D produced waste for all new except for the 
ones located in the central business district while the first and second level (General 
requirements and Bronze Sa’fa) do not have any requirement relative to C&D waste 
management (Dubai Municipality & Government of Dubai, 2016). UAE construction 
industry has been seeking the US established rating system; Leadership in Energy and 
Environmental Design (LEED) as there are 592 buildings accomplished LEED 
different certifications within the country (USGBC, 2020). LEED is a point-based 
rating system as it contains mandatory requirements and optional credits in each 
chapter. As for waste management, LEED has a requirement to develop and implement 
a CDWMP identifying the targeted percentage of waste diversion from landfills, five 
22 
 
 
 
 
structural/ nonstructural materials to be diverted, diversion planned strategies and 
waste final destination while LEED project may earn one credit for diverting 50% of 
the volume or weight of the total C&D waste including a minimum of three specified 
streams or two points for diverting 75% including a minimum of four specified 
streams. The other option that LEED provides to maintain two points is to produce 
waste of less than 12.2 kg/m2 of the building’s GFA that could be affected by practices 
prior to construction as design, standardization, and quantity surveying. Table 3 
compares Estidama with Al Sa’fat and LEED in terms of structure and basic waste 
relative requirements. 
Table 3: Waste Relevant First Level Requirements across Codes 
 Structure First level waste relevant requirements 
Estidama Point Based system; mandatory 
elements + optional credits 
CDWMP Submission 
CDWMP monthly monitoring 
30% waste diversion from landfills 
Al Sa’fat Levels Based system; mandatory 
elements for each level 
No relative requirements until the 3rd level 
LEED Point Based system; mandatory 
elements + optional credits 
CDWMP Submission 
Targeted waste diversion % from landfills 
 
1.3.4.6 Causes behind Waste Generation 
Al-Hajj and Hamani (2011) has reported that lack of awareness, poor design, 
and rework and variations are the main causes behind waste generation in construction 
sites in the UAE. Yahya (2015) conducted a survey with construction professionals 
shedding light on lack of awareness and education regarding the importance of waste 
reduction where 96.5% agreed that lack of awareness significantly impact the waste 
generation as well as different cultures and mentalities supported by 92% of the 
surveyed professionals opinion. On the other hand, 68% didn’t attend any program 
that supports the waste reduction or control concept. Other general causes have been 
identified by the same study as “weak waste collection, weak waste transportation, 
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improper waste recycling behaviors, governmental role towards construction waste 
reduction, material procurement handling, and lack of implementing site waste 
management plan”. Moreover, a construction site contractor stated that the poor 
control of waste in construction sites could be referred to the busy nature of the 
industry where lots of activities run at the same time with lots of materials other than 
the unplanned delivery of some materials and products (Yahya, 2015). 
1.3.5 Human Factor in Construction Waste Management 
1.3.5.1 Around the World 
As mentioned in “1.3.3.1 Turning Waste into Non-Waste” section, when the 
users fail to use what is categorized as waste, then the consumers’ attitude has to be 
targeted by raising awareness, knowledge and responsibility toward the environment 
(Pongrácz & Pohjola, 2004). Therefore, the human factor plays a significant role in 
terms of waste generation through several stages starting from design going through 
procurement and construction as clarified in “1.3.3.2.1 Waste Reduction” section. 
Moving to “1.3.3.2 3R’s Concept” section, as summarized in Table 1, the human factor 
is a common challenge that is facing waste reduction and segregation which 
significantly affects the waste reusing and recycling practices (Wang et al., 2010). In 
addition, the human factor is represented as one of the main elements in the plans 
discussed in “1.3.3.3 Successful Waste Management Schemes” section. In Shenzhen 
city, China; Li, Zuo, Cai, and Zillant (2018) have studied the effective elements of 
human factor in construction waste reduction. They have addressed the employees’ 
waste relative knowladge as the most effective factor in Shenzhen context (Li et al., 
2018) in accordance to Catalan construction industry where environmanetal awareness 
estalishment was highlighted (Gangolells, Casals, Forcada, & Macarulla, 2014). 
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According to Li et al. (2018), other contexts could be affected by other factors like 
personal norms, attitude, and control management behavior. 
On the other hand, human factor is not significantly analyzed by research. Eight 
major international journals were analyzed by Yuan and Shen (2011), revealing that 
between 2000 and 2009, C&D relative research was focusing on C&D waste 
generation, C&D waste reduction, C&D waste reuse, C&D waste recycling and C&D 
waste management in general where human factor in C&D waste management had the 
least publication percentage, it started to gain attention 2008.  
1.3.5.2 In Abu Dhabi 
Enhancing the awareness of construction manpower in UAE is one of the aims 
of EAD (EAD, 2017b). Moreover, EAD has suggested the engagement of C&D 
employees and promote labors training and awareness sessions under the 
implementation actions to ensure a successful CDWMP as in “1.3.4.3.2 Suggested 
Guidelines” section. Unfortunately, the mandatory elements of Estidama do not 
include raising environmental awareness sessions and the target has been limited to 
ensure the recyclability of the waste but not to reduce the amount in the first place 
referring to “1.3.4.5 Rules and Regulations” section although EAD waste hierarchy 
recognize waste reduction as the most desirable action as represented in Figure 2. The 
C&D authorities in Abu Dhabi are still not taking tough actions toward raising 
awareness in construction sites although two studies in the UAE have addressed the 
lack of awareness in C&D industry highlighting that it is affecting the waste generation 
amounts (Al-Hajj & Hamani, 2011; Yahya, 2015) where Yahya (2015) has highlighted 
raising awareness methods as toolbox talks and posters as an important element of the 
waste management program, however, their effects has not been empirically tested. 
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1.3.6 Available Awareness Raising Methods 
As awareness has been addressed as one of the main issues of C&D waste 
generation, then raising awareness of the firsthand waste generator should affect the 
amount of waste. Labors awareness could be raised through two main forms of 
incentives; financial or edification through induction/ training programs, toolbox talks, 
and posters. Financial incentives have been recognized for higher waste management 
performance as Yahya (2015) stated that “the financial incentives are the most 
encouraging factor to act sustainably” in UAE while Tam and Tam (2008) have 
reported 23.6% waste reduction by applying stepwise incentive system represented in 
Figure 3 as a reward scheme measured by the quantity of the used materials compared 
to the estimated and the waste generated compared to the estimated both in terms of 
cost. 
 
 
While not being used that much for waste management, but induction/ training 
programs have been used intensively toward raising awareness in health and safety 
fields in construction sites. In Australia; Bahn & Barratt-Pugh’s studies  (2014, 2013) 
have confirmed that construction induction training has raised awareness toward 
Health & Safety (H&S), enhanced the safety culture in construction worksites and 
most importantly reduced work-related injuries. In the US, Zuluaga et al. (2016) have 
Figure 3: Stepwise Incentive Scheme (Tam & Tam, 2008) 
>20% in Q% and W% can reward 50% of Ct 
>15% in Q% and W% can reward 40% of Ct 
>10% in Q% and W% can reward 30% of Ct 
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stated that labors who were trained with high engaging methods were able to identify 
the larger proportion of risks and perceive higher risk levels than conventional cases 
while the study of  Mushayi et al. (2017) revealed that it is crucial to address H&S 
training to labors before any construction activity where the induction should represent 
the task-specific knowledge and skill to avoid hazards. Labors safety training sessions 
have been approved its positive impact in oil and gas construction sites in the UAE 
referring to Al-Mazrouei, Khalid, Davidson, and Abdallah’s study (2019). Similarly, 
the induction and training programs are expected to have a significant impact on the 
construction waste amounts, but it has not been addressed yet by research (Lingard, 
Graham, & Smithers, 2000). 
Lingard, Graham, and Smithers (2000) and Teo, Loosemore, Marosszeky et al. 
(2000) studies have highlighted the importance of the material given in such training/ 
workshops in terms of targeted audience incentives. Lingard et al. (2000) showed that 
site workers would be encouraged to be involved in CDWMP’s for environmental 
reasons where managers interest is limited to cost and time adding that “contractor 
size, source reduction, reuse and recycling measures, frequency of waste collection, 
staff participation in training programs and waste disposal method” can significantly 
affect the contractor’s behavior toward waste management practices (Begum, Siwar, 
Pereira, & Jaafar, 2009). 
1.4 Research Gap 
In accordance with the UAE efforts toward sustainability, UPC has mandated 
the PBRS asking for CDWMP submission prior to any construction activity and 30% 
minimum diversion of waste from landfills for all construction projects that exceed 
2,000 m2 GFA in Abu Dhabi Emirate starting from February 2011 (Estidama, 2011; 
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UPC & Estidama, 2010). Moreover, EAD has addressed six guidelines principles to 
manage the waste of  C&D highlighting reduction as the most important among all 
(EAD, 2014). However, the waste production of the C&D industry has been increasing 
remarkably in the emirate of Abu Dhabi (EAD, 2017a, 2017b; Statistics Centre of Abu 
Dhabi et al., 2018). Literature has shed light on lack of awareness representing one of 
the main challenges facing C&D waste reduction and diversion in Abu Dhabi 
highlighting toolbox talks and posters as important elements of waste management 
schemes (Al-Hajj & Hamani, 2011; Yahya, 2015). Nevertheless, none of the raising 
awareness methods has been experientially assessed. 
Therefore, this research aims to investigate the waste management practices in 
Abu Dhabi in response to current regulations. To achieve this aim, the research 
objectives are summarized into the following; first, to understand the dynamics 
associated with the human factor in relation to current construction waste management 
practices in the emirate. Second, to evaluate the impact of one voluntary waste 
mitigation approach in terms of waste quantity and segregation quality reflected by the 
percentage of diverted waste from landfills. 
1.5 Summary 
Based on the observation of increasing amounts of construction waste 
management in Abu Dhabi although EAD and Estidama are spending enormous efforts 
to reduce the generated waste in the emirate. Therefore, the aim of this chapter was to 
review the topic of construction waste management in literature body then to focus on 
the Abu Dhabi context. It has introduced the topic’s relevant terms, significance and 
impact on the environment, the addressed methods to deal with waste, waste 
management in the context of Abu Dhabi Emirate in terms of authorities, records, 
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plans, facilities, regulations, and causes behind waste generation. In addition, the 
review included the human factor in construction waste management and the available 
raising awareness methods. This chapter supports the theoretical understanding of the 
field which lead to the specification of the research aim and objectives. Which is to 
clearly investigate the waste management practices in Abu Dhabi in response to 
current regulations through understanding the dynamics associated with the human 
factor in relation to current construction waste management practices in the emirate, 
and evaluating the impact of one voluntary waste mitigation approaches in terms of 
quantity and quality. The following chapter will cover the methods that will be used 
to accomplish the study objectives to achieve the research aim. 
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Chapter 2: Methods 
 
2.1 Research Approach 
A mixed methods approach was selected to conduct this study where this 
approach is known as a research methodology that uses the integration of qualitative 
and quantitative data for a single research study feeding one research aim (Wisdom & 
Creswell, 2013) that is defined as investigating the waste management practices in 
Abu Dhabi in response to current regulations. Exploratory sequential design approach 
will be followed collecting qualitative data addressing the first objective of 
understanding the current practices of construction waste management in relation to 
human factor in the emirate of Abu Dhabi through open interviews. This will provide 
information to conduct the following quantitative study to satisfy the second objective 
of assessing one of the common voluntary methods that are applied to enhance the 
CDWMP’s across the emirate statistically. Mixed methods research approach was 
selected since it provides a methodological flexibility that suits the complexity of 
construction industry and bridges qualitative and quantitative data for stronger 
grounded findings.  
2.2 Exploratory Study 
As the first objective of this study to understand how the human factor is 
addressed in the current waste management practices in Abu Dhabi, then direct contact 
with C&D industry professionals of the emirate had to be considered. The exploratory 
study was approached by open non-structured interviews since it the most appropriate 
method to scout the perception and experiences of C&D industry professionals for 
better understanding (Gill, Stewart, Treasure, & Chadwick, 2008). A non-structured 
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interview is defined as the discussion that has neither fixed questions nor answers 
(Minichiello, Aroni, Timewell, & Alexander, 1992) as it is addressed as a suitable 
method to understand complex people behavior regardless of categories for best 
exploration (Udawatta, Zuo, Chiveralls, & Zillante, 2015) satisfying the first objective 
of the study.  
2.2.1 Data Collection Method 
Open non-structured interviews were conducted between March and October 
of 2019 with eight senior and one junior project professionals aiming to explore the 
C&D waste management industry in Abu Dhabi. The interviewees were PQP certified 
and involved in Estidama projects in the mentioned period representing clients, 
consultants, supervision, and commissioning agents in across the emirate hired in the 
following positions; senior sustainability site manager, senior project manager, 
sustainable project manager, environment & sustainability manager, lead 
sustainability engineer, sustainability & environmental consultant, Mechanical, 
Electrical & Plumping (MEP) manager, vice president design & development 
manager, and architectural designer referring to Table 4. Due to the C&D industry 
complexity, the snowball sampling manner was followed where interviewees refer the 
research participation to others who may have significant contribution (Naderifar, 
Goli, & Ghaljaie, 2017). The discussions included information about the waste 
management consideration process, the involved professionals and their perspectives 
toward C&D waste management practices and common methods to enhance 
CDWMP’s in Abu Dhabi. 
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Table 4: Interviewees General Information 
 Position Background Experience Company Role 
1 Senior sustainability site 
manager 
Architectural 
Engineering and 
Sustainable Design 
15-20 years Consultant & 
Supervision 
2 Senior project manager Civil Engineering 15-20 years Consultant & 
Supervision 
3 Sustainable project manager Mechanical 
Engineering 
10-15 years Commissioning 
Agent 
4 Environment & sustainability 
manager 
Environmental 
Engineering 
5-10 years Contractor 
5 Lead sustainability engineer Architecture and 
Sustainable Design 
10-15 years Client 
Representative 
6 Sustainability & 
environmental consultant 
Civil Engineering 5-10 years Commissioning 
Agent 
7 MEP manager Mechanical Engineer >20 years Client 
Representative 
8 Vice president design & 
development manager 
Architect 15-20 years Client 
Representative 
9 Architectural designer Architect 5-10 years Consultant 
 
2.2.2 Data Analysis Method 
The interviews then were analyzed following the simple thematic analysis that 
is defined as the encoding process of qualitative information transferring it to 
quantitative (Boyatzis, 1998). It was selected for its capability to examine the complex 
different perspectives of interviewees shedding lights on similarities and differences 
(Braun & Clarke, 2006; King, 2004). Simple thematic analysis has been addressed as 
an effective data analysis method to summarize key concepts out of large qualitative 
data set through simple theoretical and technological knowledge (Nowell, Norris, 
White, & Moules, 2017) satisfying the exploratory qualitative part of this research. 
2.3 Analytical Study 
As this research is following an exploratory sequential design approach, then 
the analytical study was conducted after finalizing the exploratory stage. Referring to  
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“3.1.3 Common CDWMP’s Enhancement Methods” section, the CDWMP’s 
enhancement methods that are commonly used in Abu Dhabi are; (1) bins photo labels, 
(2) inductions or direct instructions, (3) incentives program, and (4) punishment 
actions in critical projects. Based on the exploratory study results, the first method 
widely used to enhance CDWMP’s in Abu Dhabi construction sites where the third 
and fourth are used in a limited number of projects that have a certain critical condition. 
Therefore, inductions/training programs were selected to be assessed empirically 
against waste generation amounts and segregation quality that is reflected by the 
percentage of construction waste diverted from landfills being commonly applied 
across the emirate but has not been mandated to all construction sites of Abu Dhabi 
(Estidama, 2011). 
2.3.1 Data Collection Method 
Several firms and professionals in Abu Dhabi were contacted through emails 
officially clarifying the aim of this study and asking for relative data including a total 
amount of generated waste in tons, percentage of diverted waste from landfills, 
whether a waste relative induction/training session has been conducted or not and 
project’s general information as GFA, project type to be public or private and project 
function for anonymous projects that are located within the boundaries of Abu Dhabi 
emirate. The data of thirty construction projects was collected from seven different 
firms that vary in; (1) size in terms of employees’ and branches’ number, (2) base in 
terms of location, and (3) responsibilities as sustainability consultants, contractors, and 
construction management firms for information credibility. Referring to the data 
represented in Table 5, waste relative induction/ training sessions were conducted in 
18 projects targeting labors awareness enhancement during construction phase. To 
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serve the public, 12 of the projects were built. The projects’ GFA’s vary from 185 to 
438,983 m2 and the projects’ function falls under eleven different categories: 
commercial, community, educational, healthcare, industrial, mixed use, offices, 
recreation, religious, and residential. Although some of the GFA’s do not exceed the 
2000 m2 to follow Estidama requirements, but some have been conducting inductions 
which is the main parameter to evaluate in this study. 
Table 5: Collected Data 
Project Induction 
Presence 
(P1) 
Project 
Type 
(P2) 
GFA Range 
(m2) (P3) 
Project 
Function (P4) 
Total 
Generated 
waste (ton) 
(R1) 
Diverted 
waste from 
landfills 
(%) (R2) 
1 No Public <5 k Religious 479 81 
2 No Public <5 k Political 17.26 0 
3 No Private <5 k Religious 125 21 
4 No  Public <5 k Religious 302.34 39 
5 Yes Public <5 k Recreation 2,519.14 82 
6 No Private <5 k Residential 431.55 9 
7 No Private <5 k Residential 20.28 0 
8 Yes Public <5 k Religious 3,451.25 82 
9 No Private <5 k Residential 168.65 22 
10 Yes Public <5 k Commercial 2,263.87 81 
11 Yes Private <5 k Offices 644.42 93 
12 No Private <5 k Residential 885.12 7 
13 No Private 5 k – 25 k Residential 652.52 11 
14 Yes Private 5 k – 25 k Commercial 734 76 
15 No Private 5 k – 25 k Recreation 1,049 19 
16 Yes Private 5 k – 25 k Commercial 403.88 79 
17 No Private 5 k – 25 k Recreation 1,985 23 
18 Yes Private 5 k – 25 k Commercial 779.31 87 
19 Yes Private 5 k – 25 k Mixed use 5,713.97 53 
20 Yes Public 5 k – 25 k Industrial 3,062 81 
21 Yes Public 5 k – 25 k Educational 923.36 67 
22 Yes Public 5 k – 25 k Educational 10,013.46 80 
23 Yes Private 5 k – 25 k Residential 2,572.82 68 
24 Yes Private 5 k – 25 k Commercial 2,215 81 
25 Yes Private 5 k – 25 k Residential 10,039 41 
26 Yes Private 5 k – 25 k Mixed use 1,257.55 53 
27 Yes Public >50 k Community 8,449.11 80 
28 Yes Public >50 k Healthcare 8386 81 
29 Yes Private >50 k Residential 4,560.94 76 
30 No Public >50,000 Residential 62,066.42 44 
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2.3.2 Data Analysis Method  
The analytical study data was analyzed statistically defining the responses as; 
(1) the total amount of generated waste based on the first aim of EAD to reduce waste 
in CDWMP’s (EAD, 2017c) and (2) the percentage of diverted waste from landfills 
since it is taken as a measure of segregation quality and required to be at least 30% of 
the total waste in all construction projects exceeding 2,000 m2 GFA in Abu Dhabi 
mandated by Estidama since February 2011 (UPC & Estidama, 2010). The main 
parameter to be assessed is the presence of waste relative induction/training session as 
a common enhancement method in Abu Dhabi construction sites where other 
parameters will be taken into consideration as building type, GFA range, and building 
function. Four main tests have been conducted for the data represented in Table 5; Two 
sample t-test examining the effect of waste relative inductions on each response 
regardless of other parameters, Analysis of Variances (ANOVA) test assessing the 
significance of waste relative training sessions compared to building type, GFA range, 
and building function, Tukey comparison test highlighting the best performing 
category under each parameter in terms of each response, and percentage of change 
finding out the percentage of waste relative inductions have affected the responses by 
whether it is increasing or decreasing. The first three tests are conducted by Minitab 
19 statistical software where the last only is calculated by Microsoft Excel for Office 
365. This will be explained further in the following sections. 
2.3.2.1 Two Sample T-Test 
Two sample tests are commonly conducted to evaluate the difference between 
two random independent samples statistically. Two sample t-test is used to examine 
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the equivalency of two sample means assuming the null hypotheses to be µ1 = µ2 at 
95% Confidence Interval (CI) (Montgomery, 2013; Snedecor & Cochran, 1989).  
Two sample t-test is the first test to be conducted in this research aiming to 
understand the significance of waste relative labors induction presence on construction 
waste generation as response 1 (R1) and the percentage of waste diversion from 
landfills as response 2 (R2) regardless of other parameters. For R1, the first part of the 
test, the null hypothesis is assumed to, µ generated waste - inducted labors construction sites = µ 
generated waste - non-inducted labors sites,  stating that the parameter of waste relative induction 
presence does not affect the waste generated amounts. The Alternative Hypothesis (Ha) 
shows that the induction is effective which makes a difference between µgenerated waste 
in inducted labors construction sites and µgenerated waste in non-inducted labors sites. The second part 
of the test evaluates the waste relative training presence on R2 where null hypothesis 
(H0) is; µdiverted waste % - inducted labors sites = µdiverted waste % - non-inducted labors sites. This 
reflects that the parameter is insignificant where the alternative hypothesis confirms 
the statistical difference between the two means, highlighting the significance of such 
an induction in terms of waste diversion percentage from landfills. In both parts of 
two-sample t-test, H0 is only rejected when p-value is less than 0.05 for 95%. Table 6 
summarizes the hypothesis of two-sample t-test. 
Table 6: Two Sample T-Test Hypothesis 
Part 1: R1 Test 
H0 µgenerated waste in inducted labors sites = µ generated waste in non-inducted labors sites 
Ha µgenerated waste in inducted labors sites ≠ µ generated waste in non-inducted labors sites 
Part 2: Test 
H0 µdiverted % of waste from inducted labors sites = µ diverted % of waste from non-inducted labors sites 
Ha µdiverted % of waste from inducted labors sites ≠ µ diverted % of waste from non-inducted labors sites 
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2.3.2.2 ANOVA Test 
ANOVA test is commonly used to analyze the differences of means among 
several means in a sample representing statistical models collection with relative 
estimation procedures as in variation across and between groups (Lane, 2019). To 
perform the ANOVA test, two main assumptions have to be done; the collected data 
to be, (1) normally distributed and (2) homogenous (Montgomery, 2013). If the data 
is not normally distributed, Box-Cox transformation will be conducted to modify the 
shape of data elements by taking the natural logarithm (ln) for each element of the 
tested response (Hintze & Kaysville, 2015). In case the data is not normal even after 
Box-Cox transformation, then the outlier test (Grubbs’ Test) will be conducted with 
95% CI defining the data element which lies at abnormal distance from other values. 
The second assumption of homogeneity will be examined for each factor by testing 
equal variances against the presence of each parameter. ANOVA test results will be 
reviewed at 95% CI where p-values of less than 0.05 reflect the statistical significance 
of the tested parameter. Afterward, the illustration of residuals will be analyzed against 
the following; normality which is represented by fitted data points to the straight line 
in the probability plot, constant variances when there is no clear pattern in versus fits 
graph, and independency where the intersections with zero line are approximately 
equal to N/2 in versus order plot.  
Prior to ANOVA test running, the data will be evaluated against normality and 
homogeneity as mentioned earlier where the responses and parameters are shown in 
Table 7. Data is assumed to be normally distributed representing H0 that could be 
rejected only if p-value is less than 0.05 with 95% CI reflecting that data are not 
normal. As for homogeneity, variance equality is tested across each parameter’s levels 
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assuming that they are equal for H0 and one of them is not for the alternative 
hypothesis that will be rejected when p-value is under 0.05 with 95% CI. Refer to 
Table 8 for normality and homogeneity assumptions’ hypotheses. 
In this research, an ANOVA test will be assessing the construction waste 
generation amounts and the percentage of waste diversion from landfills between 
projects that vary in four main parameters as in Table 7; (1) presence of induction/ 
training session, (2) building type whether it is open for public or built for private 
usage, (3) the GFA of the project in four main suggested levels represented in Table 
10, and (4) project’s function as commercial, residential, industrial, etc. The null 
hypothesis of ANOVA test states that the means of certain parameter’s levels are equal 
reflecting the insignificance effect of that parameter while Ha suggests that at least one 
of the levels’ mean is not equal to the rest reflecting the statistically significant impact. 
In order to reject H0, p-value has to be larger than 0.05 at CI of 95%. Table 9 clarifies 
the hypotheses of ANOVA test that will be applied to the two responses mentioned in 
this study.  
Table 7: Statistical Parameters and Responses 
Parameters 
P1 Presence of induction/ training session 
P2 Building type (public/ private) 
P3 GFA range 
P4 Building function (educational, residential, commercial, etc…)  
Responses 
R1 Amount of waste generated 
R2 Diverted waste from landfills (Reused/ recycled) 
 
 
 
 
 
38 
 
 
 
 
Table 8: Normality, Outlier & Homogeneity Hypothesis 
Normality 
H0 Data are normally distributed 
Ha Data are not normally distributed 
Outlier 
H0 All data values come from the same normal population 
Ha Smallest or largest data value is an outlier 
Homogeneity 
P1 
H0 σ inducted labors sites = σ non-inducted labors sites 
Ha σ inducted labors sites ≠ σ non-inducted labors sites 
P2 
H0 σ public projects = σ private projects 
Ha σ in public projects ≠ σ private projects 
P3 
H0 σ GFA Range 1 = σ GFA Range 2 = σ GFA Range 3 = σ GFA Range 4 
Ha At least one of σ GFA Range 1, σ GFA Range 2, σ GFA Range 3, or σ GFA Range 4 is not equal 
P4 
H0 σ function 1 = σ function 2 = σ function N  
Ha At least one of σ function 1, σ function 2, or σ function N, is not equal 
 
Table 9: ANOVA Hypothesis 
 Hypothesis clarification 
P1 
H0 µinducted labors sites = µnon-inducted labors sites 
Ha µinducted labors sites ≠ µnon-inducted labors sites 
P2 
H0 µpublic projects = µprivate projects 
Ha µpublic projects ≠ µprivate projects 
P3 
H0 µGFA Range 1 = µGFA Range 2 = µGFA Range 3 = µGFA Range 4 
Ha At least one of µGFA Range 1, µGFA Range 2, µGFA Range 3, or µGFA Range 4 is not equal 
P4 
H0 µfunction 1 = µfunction 2 = µfunction N  
Ha At least one of µfunction 1, µfunction 2, or µfunction N is not equal 
 
2.3.2.3 Tukey Comparison Test 
Typically, Tukey comparison test is utilized for further analysis after the 
ANOVA test. Tukey comparison test is conducted to determine the level that has been 
shown the significant statistical difference for a parameter in ANOVA test. Therefore, 
it defines the best performed level under each parameter (Olleveant, Humphris, & Roe, 
1999). 
Tukey comparison test is going to be conducted in this research to highlight  
the most significant performing level under each parameter by comparing the means 
of each defined level referring to Table 10 where GFA ranges (P3) were categorized 
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based on assumption. In the case of R1; the amount of generated construction waste, 
the best performing level is the one that has the minimum mean since the aim is to 
reduce waste, while for response 2; the percentage of diverted waste from landfills, the 
best performing level is the one with the maximum mean targeting higher 
reusing/recycling percentages. 
Table 10: Parameters’ Levels 
Parameter Level Level Clarification 
P1 
L1 Construction sites of inducted labors 
L2 Construction sites of non-inducted labors 
P2 
L1 Public projects 
L2 Private projects 
P3 
L1 < 5,000 m2 
L2 5,000-25,000 m2 
L3 25,000-50,000 m2 
L4 >50,000 m2 
P4 
L1 Community 
L2 Educational 
L3 Healthcare 
L4 Industrial 
L5 Mixed use 
L6 Offices 
L7 Political 
L8 Recreation 
L9 Religious 
L10 Residential 
L11 Commercial 
 
2.3.2.4 Percentage of Change 
The last part of the analytical study aims to highlight the percentage of change 
as a result of induction presence whether it is an improvement or decay. This section 
of the study will be accomplished using Microsoft Excel with simple calculation form 
clarified in Table 11. Non-inducted sites will be representing the base case since it is 
the conventional site case where inducted sites are reflecting the case that is going to 
be examined and evaluated. The calculations will be conducted evaluating the 
percentage of change on both responses, the generated waste amount in construction 
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sites and the percentage of diversion of construction waste from landfills. A negative 
result of percentage of change for R1 or R2 reflects a decrease as a result of training 
session. The negative value of R1 change represents better performance while for R2 
the positive value is. 
Table 11: Percentage of Change Method 
% of R1 Change 
1 Waste/m2project N = Total waste amount project N/ GFA project N 
2 X= Average of waste/ m2 for inducted sites 
3 Y= Average of waste/ m2 for non-inducted sites 
4 % of R1 change = (|X-Y|/Y) *100 
% of R2 Change 
1 A= Average of diverted waste percentage for inducted sites 
2 B= Average of diverted waste percentage for non-inducted sites 
3 % of R2 change = A-B 
 
2.4 Research Quality and Reliability 
The reliability of this research was improved by using a mixed methods 
approach since the qualitative study would only reflect the professionals’ views of the 
current practices but would not measure or evaluate how effective a commonly used 
method that these professionals are conducting to improve the performance of projects 
in terms of construction waste quantity and quality. Mixed methods approach was the 
best option to investigate the current practices of waste management in the emirate of 
Abu Dhabi where the human factor perception is reflected by a qualitative study, and 
the effectivity was evaluated by random quantitative data analytical study. Mixed 
methods approach was challenging due to its evaluation complexity as it requires 
careful planning and conducting, its multidisciplinary nature that demand greater 
efforts to obtain properly, and its required resources of data and time (Neuman, 2000; 
Wisdom & Creswell, 2013). 
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2.5 Summary 
The aim of this study is to investigate the waste management practices in Abu 
Dhabi in response to current regulations addressing two objectives; to understand the 
dynamics associated with the human factor in relation to current construction waste 
management and to evaluate the impact of one voluntary waste mitigation approach in 
terms of waste measures. After the literature review, it has been found that UAE 
construction sites have an issue with waste relative awareness, but it was not enough 
to conduct the second stage of the study. This was because  the construction industry 
is so active and the critical success factors in terms of waste could be changed over 
time as occurred in Hong Kong where the on-site segregation critical success factors 
were changed by 12 years (Poon et al., 2001; Yuan et al., 2013). Therefore, open 
interviews were conducted with design and construction professionals of Abu Dhabi 
that are aware of the emirate’s relative rules and regulation to accomplish the first 
objective of this study. The following stage was addressing an evaluation of one 
common voluntary method used in Abu Dhabi to improve the performance in terms of 
waste quantity and quality. Data was randomly collected from seven different 
resources highlighting thirty projects that vary in GFA, type to serve public or private 
entities, function,  location across the emirate, associated firms to develop, design and 
construct which were diverse in the number of employees and base to be local or 
international to avoid the error that could be associated with the data resource. The 
mixed methods enhanced the ground of this research as the qualitative interviews open 
the doors for the quantitative stage. The following chapter will be presenting the results 
of this research based on the data collected in two sections: an exploratory study and 
analytical study. 
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Chapter 3: Results & Findings 
 
This chapter of research presents the results out of nine exploratory non-
structured interviews with construction industry professionals in Abu Dhabi in its first 
section. The second section represents the statistical test results that were carried out 
based on thirty projects data which are represented in Table 5, 2.3.1 Data Collection 
Method. 
3.1 Exploratory Study 
The findings of the exploratory study sheds light on the process and key players 
of considering waste management in the emirate of Abu Dhabi as well as their 
perspective toward the common practices to manage construction waste on the ground. 
In addition, the interviewees have discussed the common CDWMPs’ enhancement 
methods. 
3.1.1 Waste Management Consideration Process and Involved Professionals   
The interviewees of this research have clarified the process of waste 
management consideration in Abu Dhabi construction sites starts from, (1) CDWMP 
submittal by the project’s consultants identifying; (a) the targeted percentage of waste 
to be diverted from landfills, (b) the segregation type to be at source or collected in 
certain areas. In this context, segregation at source is selected only when the space is 
not enough for central waste collection areas. Common practice in Abu Dhabi is to 
sort waste after accumulating it in certain areas specified by the project’s consultant as 
well, and (c) the pathway of waste hauler in the construction site where only certified 
haulers can transfer waste from the construction site to its last destination. Considering 
the documentation of the amounts by weight or volume to update the project’s waste 
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status using online e-manifest (Bolisaty) managed by and reporting to Tadweer 
highlighting that all of the records have to be stamped from the waste end distention 
whether it is a landfill or recycling facility.  
After the CDWMP submission, (2) Estidama’s team review and approve the 
appropriate CDWMP’s before any construction activity. Then, (3) they coordinate five 
audits to construction sites ensuring compliance with the approved CDWMP. During 
the first, they ensure that the locations of waste collection areas, bins and labels are as 
per the approved CDWMP. Afterwards, they only look for the waste documentation 
to be done properly referring to Lead Sustainability Engineer: “Estidama’s team 
usually will not say about housekeeping or other things, they ensure that the 
documentation was properly done”.  
On the next professional hierarchical level, the project’s PQP certified from 
Estidama has to arrange for regular monthly visit to ensure the compliance with 
Estidama, confirm and sign the recorded waste amount and take pictures for 
documentation. In case of incompliance or improper activity, PQP has the right to 
report to the project manager directly.  
3.1.2 Professionals’ Views toward Construction Waste Management Practices in 
Abu Dhabi 
The interviewees addressed the first and second quarters of any construction 
project as the golden period of waste diversion. This is because it is common to 
accomplish twice or more of the required diversion percentage in the early stages of 
the project’s construction process. This keeps the balance until the project’s handout, 
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otherwise, the required percentage becomes defiance to overcome as ascertained in the 
following quotes: 
“If we don’t get 60-70% of waste diversion in the first-second quarters, 
then we’re in a trouble” by Senior Sustainability Site Manager 
“Construction materials are more common to be recycled than finishing 
materials” by Lead Sustainability Engineer 
This indicates that opportunities for achieving waste reduction are higher at the early 
stages of the construction process and this could be attributed to the difference between 
construction and finishing materials. 
The research interviews have conveyed that the human factors, specifically 
construction labors are significant and effective for CDWMP success as obtained from 
the following quotes: 
“Waste compliance is one of the major challenges in site operations 
because it depends on the labors” by Lead Sustainability Engineer 
“Labors common practice in construction sites produce a lot of waste 
and prevent a good amount of waste from recycling due to 
contamination” by Environment & Sustainability Manager 
Another interviewee goes further to highlighting the challenge of labors exchanging 
over time that prevents the existing culture toward waste management from 
improvement as the trained and experienced labors tend to leave the country after a 
while; 
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“With training the culture of the worker will grow, and experience will 
grow but remember we are in a place where worker may work for five 
years in the project then go back to their own country, new people are 
coming so training is always required but the culture doesn’t develop 
because people are going and not coming back” by President Design & 
Development Manager 
Interviewees agreed that raising awareness will affect the amount of waste 
generated and believe that since the current training only informs the labor about 
dealing with waste after its generation; as where to dispose it and not to throw food 
beverages for example, therefore it may affect the percentage of landfill diverted waste 
but it does not affect the generation rate as MEP Manager had stated: 
“The common training doesn’t reduce waste which is produced on-site, 
it’s more about segregation. If you want amount control then you need 
another training to reduce the source, usually it’s only about 
segregation”  
Then, the common training procedures are conducted to accomplish the requirements 
of Estidama but not looking for waste reduction although it’s the first guiding principle 
in EAD’s waste management policy as mentioned earlier (EAD, 2014). If current 
training/ instructions are changed to inductions clarifying the impact of waste and 
sustainability on employee’s/labor’s personal life, family, and even country, then 
training may encourage them for much better performance. Therefore, awareness is 
still affecting the C&D waste management and control negatively on the labors level. 
46 
 
 
 
 
As for professionals’ level, designers and architectural consultants do not 
usually consider waste reduction referring to the quote below. 
“The waste requirements as one of the easiest since our responsibility 
is limited to identification of the targeted percentage of waste to 
diverted from landfills, segregation type and pathways of waste hauler 
in construction site” by Architectural Designer 
The data shows that consultants’ practices seek Estidama certification instead of a 
sustainable environment. They spend effort only on the activities that are counted for 
Estidama credits as in procurement and specifications referring to the quotes below. 
“Designers don’t usually consume effort or time unless such a method 
is accounted for Estidama credits that could be gained by consider 
recyclable products during procurement instead” by Architectural 
Designer 
Another example of professionals’ lack of awareness towards waste management is 
the conventional construction process and materials estimation, selection, and 
receiving as raised by two of this research’s participants as shown below.  
“The responsibility is not only on construction labors in terms of waste 
generation, material selector and recipient do also play a significant 
role” by Environment & Sustainability Manager 
“If 8 m3 of concrete is needed for certain construction element, the 
needed material estimation is commonly 8.5 m3 then what is requested 
to the construction site is basically 9 m3. More accurate and responsible 
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estimation will obviously avoid generating a significant amount of 
waste” by Sustainability & Environmental Consultant 
This highlights the role of professionals such as material selectors and estimators as a 
fundamental part of waste reduction. 
According to the participants, waste reduction starts from creating a suitable 
CDWMP, or as a Senior Project Manager asserted: “Good plan will reduce”. Each 
project is unique, therefore CDWMP need to be based on analyzing the project’s 
strengths and weaknesses instead of submitting a typical plan for different projects.  
3.1.3 Common CDWMP’s Enhancement Methods 
The interviewed professionals have highlighted that the common CDWMP’s 
enhancement methods are relative to human factor as it is familiar to share Estidama 
projects’ targets in terms of waste with the Health, Safety, and Environment (HSE) 
department. Their focus is on raising labors awareness toward sustainability and waste 
management practices through; (1) photo labels added to bins considering the labors’ 
educational level being widely used, (2) direct instructions/inductions from their 
foremen and supervisors clarifying segregation type and waste collection areas, and 
(3) rewards and incorporeal incentives as organizing trips and deigning one day off for 
the best performers in terms of waste management in few construction projects. In 
critical projects, (4) punishment approach could be followed to ensure compliance 
toward Estidama where the MEP manager has stated “For critical projects where 
certain performance has to be achieved, punishment approach could be applied to 
ensure the success of CDWMP through salary deduction or transferring the culpable 
worker to another project”.  
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3.2 Analytical Study 
This section represents the statistical test results that are conducted for this 
research based on the collected data represented in Table 5, 2.3.1 Data Collection 
Method. The results are shown in two main sub-sections where each is relative to a 
response; the total amount of waste generated in project’s construction site and the 
percentage of diverted waste from landfill by recycling/reusing. For each, the test 
results and analysis will be conducted in the following order: two-sample T-test, 
ANOVA test, Tukey comparison test, and then the percentage of change. 
The findings of the analytical study confirm that waste relative inductions are 
effective in terms of total amount of generated waste and diverted waste percentage 
from landfills in presence of other factors as project type, GFA range and function. 
The total amount of waste could be reduced by 10.2% while the diversion of generated 
waste from landfills could be improved up to 51.4%. 
3.2.1 R1; Construction Waste Amounts Tests  
3.2.1.1 Two Sample T-Test 
Two-sample t-test has been conducted to find out the effect of induction as a 
parameter on construction waste amounts across thirty construction sites in Abu Dhabi 
regardless of other factors. The null hypothesis states that, µ generated waste in inducted labors 
sites = µ generated waste in non-inducted labors sites, reflecting that there is no statistical 
difference between the waste amounts generated in inducted labors sites and non-
inducted ones. Ha suggests that there is a significant statistical difference between the 
inducted and not inducted construction sites as; µgenerated waste in inducted labors sites ≠ µ 
generated waste in non-inducted labors sites. Referring to Table 12, with 18 construction sites 
49 
 
 
 
 
that have ran waste relative inductions and 12 that have not, the p-value was found as 
0.721 being more than 0.05 rejecting Ha with 95% CI stating that waste relative 
training sessions are not effective in terms of waste generated amounts regardless of 
other parameters as; µ generated waste in inducted labors sites = µ generated waste in non-inducted labors 
sites, based on the collected data in Table 5, 2.3.1 Data Collection Method. 
Table 12: R1, P1 Two Sample T-Test Results 
Hypotheses H0 µgenerated waste in inducted labors sites = µ generated waste in non-inducted labors sites 
Ha µgenerated waste in inducted labors sites ≠ µ generated waste in non-inducted labors sites 
Descriptive 
Statistics  
Level N Mean σ SE Mean 
L1 18 3777 3324 784 
L2 12 5682 17765 5128 
Estimation for 
Difference 
Difference -1904 
95% CI for 
difference 
(-13323, 9514) 
Test T-value -0.37 
DF 11 
P-value 0.721 
Significance level is 0.05 
 
3.2.1.2 ANOVA 
Two model assumptions had to be examined prior to the ANOVA test as 
mentioned earlier: data normal distribution by normality test and data homogeneity by 
equal variances test. The assessed response in this section is the amount of generated 
waste while the parameters are defined in Table 10 as; (1) the presence of waste 
relative induction, (2) the project type varying between public and private, (3) the GFA 
range classified in four categories, and (4) the project function category as residential, 
commercial, industrial, etc. This section will present the model assumptions and 
ANOVA test results, analyzing the residuals and highlighting the significant 
parameters against R1. 
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3.2.1.2.1 Model Assumptions; Normality  
Response 1 was tested against normality where H0 states that the data is 
normally distributed while Ha suggests that data is not normally distrusted with 0.05 
significance level at 95% CI. The normality test p-value was found to be less than 
0.005 rejecting H0 reflecting that the data is not normally distributed referring to Table 
13 and Appendix A. The data was subjected to Box-Cox transformation to edit its 
shape aiming to accomplish a higher p-value. According to Table 13 and Appendix B, 
normality test was repeated after Box-Cox transformation hitting 0.401 p-value 
rejecting Ha confirming the normality of the transformed data. 
Table 13: R1 Normality Test Results 
Hypotheses H0 Data is normally distributed 
Ha Data is not normally distributed 
Normality Test 
Descriptive 
Statistics 
N 30 
Mean 4539 
σ 11273 
P-value <0.005 
Normality Test – Box-Cox Transformation 
Descriptive 
Statistics 
N 30 
Mean 7.106 
σ 1.767 
P-value 0.401 
Significance level is 0.05 
For graphical representation, refer to Appendix A. 
 
3.2.1.2.2 Model Assumptions; Homogeneity  
Homogeneity was ensured by conducting equal variances test between R1 and 
each of the parameters. For the first parameter, the null hypothesis indicates that σL1 
= σL2 while Ha suggests that σL1 ≠ σL2. Levene p-value was found to be 0.476 with 
95% CI rejecting Ha that represents the induction presence and R1 data homogeneity, 
referring to Table 14 illustrated in Appendix F. The second parameter and R1 data are 
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also homogenous since Levene p-value is more than 0.05 with 95% CI rejecting Ha 
which states that σ generated waste in public projects ≠ σ generated waste in private projects according 
to Table 15 represented graphically in Appendix G. Table 16 and Appendix H confirm 
that  R1 data is homogenous with GFA ranges where Levene p-value is 0.084 more 
than 0.05 with 95% CI leading to Ha rejection which suggested that at least one of   
σGFA Range 1, σGFA Range 2, σGFA Range 3, or σGFA Range 4 is not equal. The last parameter 
is homogenous with R1 as well where Levene p-value was found to be 0.843 being 
more than the significance level of 0.05 at 95% CI. The fourth parameter test details 
are represented in Table 17 but graphical representation is not available as some of the 
levels have only one project underneath which limits the calculation of σ and some 
other levels have only two projects limiting the CI definition. To sum up, R1 is 
homogenous with all of the parameters referring to Table 18. 
Table 14: R1, P1 Homogeneity Test Results 
Hypotheses 
H0 σ generated waste in inducted labors sites = σ generated waste in non-inducted labors sites 
Ha σ generated waste in inducted labors sites ≠ σ generated waste in non-inducted labors sites 
Descriptive 
Statistics 
Level N σ CI 
L1 18 3324.2 (2253.84, 5600.3) 
L2 12 17765.3 (4268.67, 90917.6) 
P-value 
Multiple 
Comparisons 
0.117 
Levene 0.476 
Significance level is 0.05 
 
Table 15: R1, P2 Homogeneity Test Results 
Hypotheses 
H0 σ generated waste in public projects = σ generated waste in private projects 
Ha σ generated waste in public projects ≠ σ generated waste in private projects 
Descriptive 
Statistics 
Level N σ CI 
L1 12 17221.4 (4429.29, 82337.2) 
L2 18 2548.7 (1085.64, 6834.4) 
P-value 
Multiple 
Comparisons 
0.067 
Levene 0.140 
Significance level is 0.05 
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Table 16: R1, P3 Homogeneity Test Results 
Hypotheses 
H0 σ GFA Range 1 = σ GFA Range 2 = σ GFA Range 3 = σ GFA Range 4 
Ha At least one of σ GFA Range 1, σ GFA Range 2, σ GFA Range 3, or σ GFA Range 4 
is not equal 
Descriptive 
Statistics 
Level N σ CI 
L1 12 1147.3 (502.84, 3306) 
L2 9 1718.8 (404.24, 10115) 
L3 5 4414.3 (2059.79, 18903) 
L4 4 27527.3 (2832.60, 712273) 
P-value 
Multiple 
Comparisons 
0.000 
Levene 0.084 
Significance level is 0.05 
 
Table 17: R1, P4 Homogeneity Test Results 
Hypotheses 
H0 σ community = σ educational = σ healthcare = σ industrial = σ mixed use = σ offices = σ 
political = σ recreation = σ religious = σ residential = σ commercial 
Ha At least one of σ community, σ educational, σ healthcare, σ industrial, σ mixed use, σ 
offices, σ political, σ recreation, σ religious, σ residential, or σ commercial is not equal 
Descriptive 
Statistics 
Level N σ CI 
L1 1 * (*, *) 
L2 2 6427.7 (*, *) 
L3 1 * (*, *) 
L4 1 * (*, *) 
L5 2 3151.2 (*, *) 
L6 1 * (*, *) 
L7 1 * (*, *) 
L8 3 744.2 (0.16, 27899263) 
L9 4 1581.6 (109.16, 67312) 
L10 9 20142.3 (2797.43, 205175) 
L11 5 888.6 (363.66, 4597) 
P-value 
Multiple 
Comparisons 
0.000 
Levene 0.843 
Significance level is 0.05 * σ cannot be calculated for when N<2 (*,*) CI cannot be calculated for when N<3 
 
Table 18: R1 Homogeneity Test Results Summary 
Parameters 
P-Value 
Multiple Comparisons Levene 
P1 Induction Presence 0.117 0.476 
P2 Project Type 0.067 0.140 
P3 GFA Range 0.000 0.084 
P4 Project’s Function 0.000 0.843 
Significance level is 0.05 
For graphical representation, refer to Appendix F - H 
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3.2.1.2.3 ANOVA Test; Analysis of Residuals   
After satisfying the two assumptions of data normality and homogeneity, 
ANOVA test was conducted to evaluate the effect of four parameters; waste relative 
induction presence, project type, GFA range, and project function on response 1 that 
is defined as the waste generated amounts in tons. The residuals illustration in Figure 
4 was analyzed showing that residuals of R1 ANOVA test are normally distributed, 
have constant variances, and are independent.  
 
Figure 4: R1 Residual Analysis 
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The ANOVA test has shown the statistical significance of waste relative 
training sessions where the p-value is found to be 0.036 being less than the significance 
level of 0.05 with 95% CI referring to Table 19 which rejects H0 in Table 9 that 
represented the equivalence of means of the two levels under P1. The second parameter 
of project type is found to be statistically significant as well where the p-value is 0.005 
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projects = µgenerated waste in private projects, according to Table 9. GFA range of projects also 
affect the amount of waste generated significantly as its p-value is 0.004 which is less 
than 0.05 at 95% CI as stated in Table 19, representing the rejection of the means 
equivalency indicated by H0 in Table 9. The project function is the only parameter that 
its p-value of 0.174 in Table 19 could not reject Ha of Table 9 indicating that it is 
insignificant statistically with a significance level of 0.05 and CI of 95%. To conclude, 
waste relative inductions, project type varying between public and private, and 
projects’ GFA ranges have an impact on the total amount of waste generated in Abu 
Dhabi construction sites. 
Table 19: R1 ANOVA Test Results 
Parameter DF Seq SS Adj MS F-value P-value 
P1 1 26112544 338469644 5.36 0.036 
P2 1 337451086 681250031 10.78 0.005 
P3 3 1357856433 445369445 7.05 0.004 
P4 10 1079762083 107976208 1.71 0.174 
 
3.2.1.3 Tukey Comparison Test 
In order to understand the best performing level of each parameter, further 
analysis was conducted by Tukey comparison test. The best performing level of R1 
will be the one that produces the least amount of construction waste. Based on the 
ANOVA test, the effective parameters are only P1, P2, and P3 so P4 will be excluded 
from the Tukey test discussion for its insignificance impact. According to Table 20, 
the construction sites that had run waste relative inductions/training sessions have 
produced less amounts of waste as 1909.7 is less than 13300.8. In addition, the private 
projects have been performing better than public ones in terms of construction waste 
generation producing a mean of -1857.6 compared to 17068.1 produced by P2, L1 
projects while Tukey test has also shown that smaller projects in GFA; specifically the 
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ones that are less than 5,000 m2 of GFA has produced less waste amounts significantly 
compared to projects of more than 50,000 m2 GFA’s. The statistical difference 
between P3 levels confirms the assumption of GFA ranges classification. 
Table 20: R1 Tukey Comparison Test 
 N Mean Grouping 
P1 L2 12 13300.8 A  
L1 18 1909.7  B 
P2  L1 12 17068.1 A  
L2 18 -1857.6  B 
P3 L4 4 23812.8 A  
L3 5 9289.3 A B 
L2 9 3479.0 A B 
L1 12 -6160.1  B 
P4 L6 1 29568.2 A  
L5 2 19865.3 A  
L11 5 17544.5 A  
L10 9 17106.2 A  
L8 3 10446.1 A  
L9 4 7274.8 A  
L4 1 3421.0 A  
L2 2 2922.2 A  
L7 1 -1375.8 A  
L1 1 -11525.7 A  
L3 1 -11588.8 A  
Means that do not share a letter are significantly different 
 
3.2.1.4 Percentage of Change 
In order to define the effect of waste inductions on the total amount of waste 
generated, simple calculations were done as in Table 21. The total amount of waste 
was calculated in terms of area where the construction sites that have been running 
inductions produced an average of 0.298 ton/m2 compared to 0.332 ton/m2 that is 
generated by non-inducted labors in construction sites. Therefore, waste relative 
inductions/training sessions do reduce the amounts of waste generated in construction 
sites by 10.2% taking the conventional case to be non-inducted labors construction 
sites. 
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Table 21: R1 Percentage of Change 
 Total Amount of Waste/ m2 
Inducted sites Non-inducted sites 
 1.681669 2.572973 
1.353962 0.065132 
0.519713 0.131579 
0.146994 0.208157 
0.097867 0.244338 
0.031101 0.009755 
0.043295 0.058065 
0.268539 0.201289 
0.12248 0.124836 
0.036934 0.106497 
0.381785 0.119578 
0.0953 0.141387 
0.080545 
 
0.210502 
0.025151 
0.126408 
0.102268 
0.040798 
Average 0.298073 0.331966 
% of change -10.2% 
 
3.2.2 R2; Percentage of Diverted Construction Waste from Landfills Tests 
3.2.2.1 Two Sample T-Test 
Two sample t-test has been conducted to find out the effect of induction as a 
parameter on the percentage of diverted waste from landfills across thirty construction 
sites in Abu Dhabi regardless of other factors. The alternative hypothesis states that; 
µ% of diverted waste in inducted sites ≠ µ% of diverted waste in non-inducted sites. This reflects that the 
waste relative training sessions had a statistically significant impact on the generated 
waste amount in Abu Dhabi construction sites. Referring to Table 22, with 18 
construction sites that have ran waste relative inductions and 12 that have not, the p-
value was found to 0.000 being less than 0.05 rejecting H0 with 95% CI and stating 
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that the waste relative training sessions have a significant impact on the percentage of 
construction waste diversion regardless of other parameters. 
Table 22: R2, P1 Two Sample T-Test Results 
Hypotheses H0 µ% of diverted waste from inducted labors sites = µ% of diverted waste from non-inducted 
labors sites 
Ha µ% of diverted waste from inducted labors sites ≠ µ% of diverted waste from non-inducted 
labors sites 
Descriptive 
Statistics  
Level N Mean σ SE Mean 
L1 18 0.744 0.134 0.229 
L2 12 0.230 0.229 0.066 
Estimation 
for 
Difference 
Difference 0.5144 
95% CI for 
difference 
(0.3593, 0.6695) 
Test T-value 7.03 
DF 16 
P-value 0.000 
Significance level is 0.05 
 
3.2.2.2 ANOVA 
Two model assumptions had to be made prior to the ANOVA test; data normal 
distribution by normality test and data homogeneity by equal variances test. The 
assessed response in this section is the percentage of diverted waste from landfills 
while the parameters are defined in Table 10 to be; (1) the presence of waste relative 
induction, (2) the project type varying between public and private, (3) the GFA range, 
and (4) the project function category as residential, commercial, industrial, etc. This 
section will discuss the model assumptions and the ANOVA test results analyzing the 
residuals and highlighting the significant parameters. 
3.2.2.2.1 Model Assumptions; Normality  
Response 2 was tested against normality where H0 states that the data is 
normally distributed while Ha suggests that the data is not normally distributed with 
0.05 significance level at 95% CI. The p-value was found to be less than 0.005 
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rejecting H0 reflecting that the data is not normally distributed referring to Table 23 
and Appendix C. The data was subjected to Box-Cox transformation to edit its shape 
aiming to accomplish a higher p-value. According to Table 23 and Appendix D, the 
normality test was repeated after Box-Cox transformation forming a p-value of less 
than 0.005 rejecting H0 again indicating that data is not normally distributed even after 
Box-Cox transformation. Therefore, an outlier test has been conducted referring to 
Table 23 and illustrated in Appendix E. Since the p-value of 1.000 is more than the 
significance level of 0.05 then Ha in Table 8 is rejected indicating that the data has 
been collected from the same normal population according to H0 satisfying the 
assumption of normality. 
Table 23: R2 Normality Test Results 
Hypotheses H0 Data is normally distributed 
Ha Data is not normally distributed 
Normality Test 
Descriptive 
Statistics 
N 30 
Mean 0.5384 
σ 0.3099 
P-value <0.005 
Normality Test – Box-Cox Transformation 
Descriptive 
Statistics 
N 30 
Mean -5.310 
σ 17.35 
P-value <0.005 
Outlier Test 
Descriptive 
Statistics 
N 30 
Mean 0.5384 
σ 0.3099 
P-value 1.000 
Significance level is 0.05 
For graphical representation, refer to Appendix B and E 
 
3.2.2.2.2 Model Assumptions; Homogeneity  
The second data assessment was conducted to ensure the homogeneity by 
running equal variance tests between R2 and each of the parameters. For the first 
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parameter, the null hypothesis indicates that σL1 = σL2 while Ha suggests that σL1 ≠ 
σL2. Levene p-value was found to be 0.198 with 95% CI rejecting Ha representing that 
induction presence and R2 data are homogenous referring to Table 24 that is illustrated 
in Appendix I. The second parameter and R2 data are also homogenous since Levene 
p-value is more than 0.05 with 95% CI rejecting Ha which states that; σ % of waste diversion 
in public projects ≠ σ % of waste diversion in private projects, according to Table 25 that is 
graphically represented in Appendix J. Table 26 and Appendix K confirm that  R2 data 
is also homogenous with GFA ranges where Levene p-value is 0.093 more than 0.05 
with 95% CI that led to rejection of Ha which suggested that at least one of σGFA Range 
1, σGFA Range 2, σGFA Range 3, or σGFA Range 4 is not equal. The last parameter is 
homogenous with R2 as well where Levene p-value was found to be 0.133 being more 
than the significance level of 0.05 at 95% CI. The forth parameter test’s details are 
represented in Table 27, but the graphical representation is not available since some of 
the levels have only one project underneath which limits the calculation of σ and some 
other levels have only two projects limiting the CI definition. To sum up, R2 is 
homogenous with all of the parameters as referenced in Table 28. 
Table 24: R2, P1 Homogeneity Test Results 
Hypotheses 
H0 σ % of waste diversion in inducted labors sites = σ % of waste diversion in non-inducted 
labors sites 
Ha σ % of waste diversion in inducted labors sites ≠ σ % of waste diversion in non-inducted 
labors sites 
Descriptive 
Statistics 
Level N σ CI 
L1 18 0.133805 (0.0773723, 0.264309) 
L2 12 0.228681 (0.0997520, 0.644662) 
P-value 
Multiple 
Comparisons 
0.257 
Levene 0.198 
Significance level is 0.05 
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Table 25: R2, P2 Homogeneity Test Results 
Hypotheses 
H0 σ % of waste diversion in public projects = σ % of waste diversion in private projects 
Ha σ % of waste diversion in public projects ≠ σ % of waste diversion in private projects 
Descriptive 
Statistics 
Level N σ CI 
L1 12 0.258768 (0.097573, 0.843892) 
L2 18 0.318721 (0.266901, 0.434737) 
P-value 
Multiple 
Comparisons 
0.478 
Levene 0.060 
Significance level is 0.05 
 
Table 26: R2, P3 Homogeneity Test Results 
Hypotheses 
H0 σ GFA Range 1 = σ GFA Range 2 = σ GFA Range 3 = σ GFA Range 4 
Ha At least one of σ GFA Range 1, σ GFA Range 2, σ GFA Range 3, or σ GFA Range 4 is 
not equal 
Descriptive 
Statistics 
Level N σ CI 
L1 12 0.375619 (0.299766, 0.59438) 
L2 9 0.299373 (0.174358, 0.71148) 
L3 5 0.174539 (0.063653, 0.95630) 
L4 4 0.174064 (0.018332, 4.40062) 
P-value 
Multiple 
Comparisons 
0.161 
Levene 0.093 
Significance level is 0.05 
 
Table 27: R2, P4 Homogeneity Test Results 
Hypotheses 
H0 σ community = σ educational = σ healthcare = σ industrial = σ mixed use = σ offices = σ 
political = σ recreation = σ religious = σ residential = σ commercial 
Ha At least one of σ community, σ educational, σ healthcare, σ industrial, σ mixed use, σ 
offices, σ political, σ recreation, σ religious, σ residential, or σ commercial is not equal 
Descriptive 
Statistics 
Level N σ CI 
L1 1 * (*, *) 
L2 2 0.089873 (*, *) 
L3 1 * (*, *) 
L4 1 * (*, *) 
L5 2 0.000013 (*, *) 
L6 1 * (*, *) 
L7 1 * (*, *) 
L8 3 0.352751 (0.000078, 13224.8) 
L9 4 0.306809 (0.058477, 4.7) 
L10 9 0.276770 (0.133958, 0.8) 
L11 5 0.040236 (0.007928, 0.4) 
P-value 
Multiple 
Comparisons 
0.000 
Levene 0.133 
Significance level is 0.05 * σ can not be calculated for when N<2 (*,*) CI can not be calculated for when N<3 
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Table 28: R2 Homogeneity Test Results Summary 
Parameters 
P-Value 
Multiple Comparisons Levene 
P1 Induction Presence 0.257 0.198 
P2 Project Type 0.478 0.060 
P3 GFA Range 0.161 0.093 
P4 Project Function 0.000 0.133 
 
3.2.2.2.3 ANOVA Test; Analysis of Residuals   
After satisfying the two assumptions of data normality and homogeneity, an 
ANOVA test was conducted to evaluate the effect of four parameters; waste relative 
induction presence, project type, GFA range, and project function on response 2 that 
is defined as the percentage of diverted waste from landfills. The residuals illustration 
in Figure 5 was analyzed showing that residuals of R2 ANOVA test are normally 
distributed, have constant variances, and are independent.  
 
Figure 5: R2 Residual Analysis 
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3.2.2.2.4 ANOVA Test; Significant Parameters 
ANOVA test has shown the statistical significance of waste relative training 
sessions where the p-value is found to be 0.000 being less than the significance level 
of 0.05 with 95% CI. This is referenced in Table 29 which rejects H0 in Table 9 that 
represented the equivalence of means of the two levels under P1. The second parameter 
of the project type is found to be statistically insignificant as well as where the p-value 
is 0.06 > 0.05 at 95% CI. Table 29 states the rejection of Ha which stated that; µgenerated 
waste in public projects ≠ µgenerated waste in public projects, according to Table 9. GFA range of 
projects does not affect the percentage of diverted waste as its p-value is 0.269 is more 
than 0.05 at 95% CI. Table 29 represents the rejection of the means difference 
indicated by Ha in Table 9. However, the project function is considered statistically 
significant as its p-value of 0.038 in Table 29 rejecting Ha of Table 9 indicating that 
project function has a significant impact on the percentage of waste diversion from 
landfills with significance level of 0.05 and CI of 95%. To conclude, waste relative 
inductions and project function has an impact on the percentage of diverted 
construction waste from landfills in Abu Dhabi construction sites. 
Table 29: R2 ANOVA Test Results 
Parameter DF Seq SS Adj MS F-value P-value 
P1 1 1.90519 0.40027 24.99 0.000 
P2 1 0.17310 0.06722 4.20 0.060 
P3 3 0.03280 0.02333 1.46 0.269 
P4 10 0.44943 0.04494 2.81 0.038 
 
3.2.2.3 Tukey Comparison Test 
In order to understand the best performing level of each parameter, further 
analysis was conducted by Tukey comparison test. The best performing level of R2 
will be the one that hits higher a percentage of waste diversion from landfills. Based 
63 
 
 
 
 
on the ANOVA test, the effective parameters are only P1, and P2. Therefore, P2, and 
P3 will be excluded from the Tukey test discussion for their insignificance impact. 
According to Table 30, the construction sites that had run waste relative 
inductions/training sessions have diverted more waste from landfills. Although that 
ANOVA test has confirmed the significance of P4 in Table 29, but Tukey test has not 
shown the best performing level due to the limited number of projects under each level.  
Table 30: R2 Tukey Comparison Test 
 Level N Mean Grouping 
P1 L1 18 0.721559 A  
L2 12 0.329832  B 
P2  L1 12 0.619693 A  
L2 18 0.431698 A  
P3 L4 4 0.665386 A  
L3 5 0.517591 A  
L2 9 0.483163 A  
L1 12 0.436641 A  
P4 L6 1 0.917188 A  
L11 5 0.712786 A  
L9 4 0.696804 A  
L8 3 0.567993 A  
L4 1 0.562671 A  
L2 2 0.471907 A  
L10 9 0.460997 A  
L5 2 0.452686 A  
L3 1 0.380448 A  
L1 1 0.368248 A  
L7 1 0.190920 A  
Means that do not share a letter are significantly different 
 
3.2.2.4 Percentage of Change 
In order to define the effect of waste inductions on waste diversion percentage 
from landfills, simple calculations were done as in Table 31. The average amount of 
diverted waste from landfills were found between the construction sites that had waste 
relative inductions and the ones where there were no waste relative training sessions 
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to be compared. It has been found that P1 has been increased the percentage of waste 
diversion from landfills by 51.4%. 
Table 31: R2 Percentage of Change 
 % of Diverted Waste from Landfills 
Inducted sites Non-inducted sites 
 0.82 0.81 
0.82 0 
0.81 0.21 
0.93 0.387268 
0.76 0.089042 
0.79 0 
0.87 0.220727 
0.529224 0.070952 
0.81 0.105292 
0.6729 0.19 
0.8 0.23 
0.675134 0.443326 
0.8065  
0.4053 
0.529243 
0.7978 
0.81 
0.758048 
Average 0.744119 0.229717 
% of change +51.4% 
 
3.3 Summary 
This chapter showed the results of the study in two stages: qualitative and 
quantitative. The exploratory qualitative stage interviews results have been 
represented in the themes of; (1) waste management consideration process and its key 
players where the process include CDWMP submittal, CDWMP approval, and 
construction site audits, (2) professionals’ perspective toward the current practices, 
and (3) the common CDWMP enhancement methods in the emirate. As for the 
analytical quantitative statistical study, Two sample T-test, ANOVA test, Tukey 
comparison test and percentage of change were conducted for two responses; the 
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generated construction waste amounts and the percentage of diverted construction 
waste from landfills where each is represented in a subsection. The following chapter 
will demonstrate the results in relevance to literature. 
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Chapter 4: Discussion 
 
As this research aimed to investigate the waste management practices of Abu 
Dhabi, it was conducted on two stages. The first exploratory study had shed light on 
the waste management consideration process as it could be summarized to; (1) 
CDWMP submittal specifying the targeted percentage of waste diversion from 
landfills, waste hauler pathway, and segregation type. The waste is mostly segregated 
at central waste designated area in Abu Dhabi construction sites. Although literature 
has addressed segregation at source significance as it requires less effort and time, 
enhances the segregation quality, and provides safer environment compared to central 
waste designated areas and off-site segregation (Dewlaney et al., 2012; Poon et al., 
2001), (2) CDWMP approval from Estidama’s team, and (3) five construction site 
audits. The qualitative part of this research has also addressed a key player in 
construction sites in terms of waste management to be the PQP, who represent the only 
communication channel to update Estidama’s team with the construction site activities 
and records. The participants have highlighted that labors play a key role in terms of 
construction waste generation and diversion. 
Raising awareness in such a context is expected to affect CDWMP’s success 
significantly in accordance with previous studies of Al-Hajj and Hamani (2011), and 
Yahya (2015). As for CDWMP’s common awareness enhancement methods across 
the emirate, the interviewees shed light on bins photo labels, waste relative 
inductions/training sessions, morale, and incorporeal incentives, and punishment 
approach. However, the interviews have revealed that waste reduction and 
management is not taken into consideration on the other stages of the project as in 
architectural design nor materials quantity estimation, procurement and receiving, 
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although literature has approved that early stages interest in waste management is 
expected to improve CDWMP enormously (Ajayi & Oyedele, 2018a; Al-Hajj & 
Hamani, 2011; Ekanayake & Ofori, 2004; Keys et al., 2000; Rounce, 1998; Tam et al., 
2007).  
According to the participants of this study, construction waste management 
success starts from the CDWMP itself in accordance with literature’s outstanding 
CDWMP’s where 96% of waste was diverted from landfills in Scotland (Zero Waste 
Scotland, 2015) and 43% of the waste was reduced decreasing the waste handling fees 
by 50% calculated by assessing the cost difference between recycling and landfills 
dumping activities in Australia (Mcdonald & Smithers, 1998) but unfortunately the 
practice of waste management in Abu Dhabi construction sites seem to be a tick box 
process instead of seeking sustainability which reflects a negative response of the 
market to the main target of Estidama PBRS. The solution could be attracting the 
industry to apply Estidama concepts as an opportunity besides mandating it where the 
construction industry key players cannot lose such a chance.  
The qualitative part of this research has revealed that the human factor effective 
elements in Abu Dhabi are not only relative to knowledge and response to regulations, 
but it also includes the nature of the construction labors’ structure adding to personal 
norms, attitude, and control management behavior addressed in literature (Gangolells 
et al., 2014; Li et al., 2018). The C&D labors of Abu Dhabi are mainly foreigners 
which has affected the overall learning curve as it is currently an iterative process due 
to market’s labors change over short periods referring to the interviewees contradicting 
with Al-Mazrouei et al. (2019) study that highlighted the positive impact of training 
sessions of health and safety in the same context.  
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For further investigation of construction waste management practices in Abu 
Dhabi, a statistical study has been conducted assessing one of the highlighted common 
CDWMP’s enhancement methods which were selected to be inductions/training 
sessions. The analytical study was conducted using a statistical software, Minitab 19, 
and Microsoft Excel - Office 365, to examine the effect of inductions on the total waste 
generated amount and percentage of waste diversion from landfills. The project type 
was classified in terms of public or private sectors, GFA range, and project function 
into consideration.  
The statistical analyses have proved that inductions have a significant impact 
on the waste diversion percentage regardless of other factors. Meanwhile, in the 
presence of factors such as project type, GFA range, and function, training sessions 
have significant impact on both responses; generated waste amount and diverted waste 
percentage as expected by studies conducted by Al-Hajj and Hamani (2011), Wang et 
al. (2010), Yahya (2015), and Zero Waste Scotland (2015) and encouraged by EAD 
(2017c). The tests have indicated that construction sites of private projects have a GFA 
of less than 5,000 m2 which have run waste relative training programs were producing 
the least amount of waste. Inducted construction labors sites are the only ones that 
were statistically performing better in terms of diverted waste percentage.  
This study has concluded that inductions have been decreasing waste amounts 
by 10.2% and increasing the percentage of waste diversion from landfills by 
reusing/recycling by 51.4% based on the collected data although research qualitative 
part’s participants has mentioned that current inductions commonly clarify waste 
segregation type and collection areas only. The collective responsibility concept 
should be added to the labors training sessions as each ton of waste generated in UAE 
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does not affect the UAE only, but the whole world including everybody’s homeland 
and beloved ones. Labors of Abu Dhabi should understand that the success of 
CDWMP in each project will be reflected on the quality of their own lives. The 
researcher believes that this personalized experience in addition to the knowledge 
passed by current common inductions will significantly improve the labors 
performance in terms of sustainable practices in general and waste reduction and 
diversion from landfills in specific. 
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Chapter 5: Conclusion 
 
This study has been conducted to improve the knowledge and add to the body 
of literature related to Abu Dhabi’s sustainability. Since the C&D waste was increasing 
during the last decade, it has been causing an issue against sustainability adding to 
GHG’s produced in the emirate, contradicting with EAD plans. Therefore, this study 
has been conducted to investigate the current practices of the C&D waste management 
field in the emirate of Abu Dhabi. The research was carried out on an exploratory 
sequential design approach forming a mixed-method study.  
The first stage was accomplished between March and October 2019, where 
nine professionals who are currently working in Abu Dhabi in Estidama’s projects 
were interviewed. The data has been analyzed by a simple thematic analysis approach 
covering the C&D waste management consideration process, the key players in the 
process as well as their views toward the current practices which are the common 
enhancement methods used by CDWMP. The data revealed that the current practice is 
to seek the certification instead of sustainability prospect. It has also highlighted that 
C&D waste management is not taken into consideration prior to the construction phase 
where CDWMP could be much more useful and hands-on during the early phases such 
as design and procurement.  
Waste relative induction process was selected as a common method for 
CDWMP’s enhancement. This was addressed by the exploratory study participants to 
be statistically tested against the amount of waste generated and percentage of diverted 
waste from landfills in the second stage of the study. Other parameters have been 
considered such as project type, GFA range, and function. The tests have been 
conducted in Minitab 19, a statistical software, and calculations were done in 
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Microsoft Excel for Office 365 based on data collected from thirty different projects 
across the emirate. The analysis has confirmed the significance of waste relative 
inductions in the presence of other parameter where the total generated waste 
generated has been reduced by 10.2% and the diverted percentage of the waste from 
landfills was increased by 51.4%. 
5.1 Challenges, Limitations and Future Research 
Data collection was one of main challenges of this research. During the 
exploratory study, it was hard to build a bridge between the academic environment and 
the market’s in terms of contacts. It was even harder to set an appointment for 
interviews for the participants super dynamic field. In the second stage, data collection 
was more daring. Professionals have been hesitant to share projects’ data for 
confidentiality although there was an official letter issued from the university stating 
that all the given data will be kept anonymous. After the data was finally collected and 
the aim of thirty projects’ information was accomplished, selecting the proper 
statistical tests, running and analyzing them was tougher and required a long time and 
effort to deal with for a student with architectural engineering background. 
The results of this research could be limited due to the short space of  time 
dedicated for a master’s thesis program, the limitation of having only one student 
available to work on the project, and the resources that have been provided by the 
industry. The results of similar research may differ according to the context, the time 
period it will be conducted in, number of interviewees, and the possibility of more 
projects that can be analyzed. 
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This research contributes to the body of knowledge by enhancing the current 
construction waste management practices understanding in the emirate of Abu Dhabi. 
The study also has provided a clear process to evaluate any waste voluntary method 
that could be used regardless of context. This research has opened the doors for future 
studies in UAE as analyzing the current waste relative inductions’ materials. They can 
also suggest improvements for better performance or evaluate the other CDWMP 
available enhancement methods in the same context as photo-labeled bins, financial 
incentives or punishment approach as highlighted by interviewees of this study. 
Moreover, this research approach could be followed to examine other construction 
management field practices and enhancement methods in Abu Dhabi and other 
contexts around the world.  
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